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Memory during the transfer. The tri-state buffer and
transceiver are enabled by the DMA Controller at the
appropriate time in its cycle.

Command Status Interface

The Command/Status Interface for the 8003 is shown in
Figure 8. The 8003 has a separate bi-directional 8-bit bus
for accessing its internal command and status registers.
This bus is labeled “CdSt0-7"in the figure. Three address
lines, A,, A, and A, select the register to be accessed.
Refer to the 8003 data sheet for a full description of these
registers and their addresses.

To write to a command register, the system bus decoder
must provide a low level to both Chip Select (CS) and Write
(WR) while data and the three address bits are valid. To
read a status register, a low is applied to both Chip Select
and Read (RD) while the address is valid.

The Interrupt Request line (INT) goes high to request an
interrupt when specific conditions occur. This line drives
the interrupt input of the processor, either directly or
through an interrupt-priority logic block. Conditions for
generating an interrupt are selected by setting bits in the
command registers. For details, see the data sheet. The
Interrupt Request line is cleared automatically when the
processor reads the status registers.

8237/9517 DMA Controller Interface

The interconnection of popular the 8237/9517 DMA Con-
troller to the 8003 is iliustrated in Figure 8. The TxRDY
control line from the 8003, which indicates that the Trans-
mit FIFO is not full, is used to generate the DMA request
for Channel 1, the transmit channel. Similarly, RxRDY
which indicates that the Receive FIFO is not empty gener-
ates a request for Channel 0, the receive channel. After a

request for Channel 1, the DMA Controller will issue
simultaneously a DMA acknowledge (on DACK?1) and an
input/output write (IOW), which are used to assert the
TxWR write line on the 8003. After a request for Channel
0, the DMA Controller will issue simultaneously a DMA
acknowledge on DACKO and an input/output read (JOR).
These are used to assert the RXRD read line on the 8003.

The EOP control line on the 8237/3517 indicates the “end
of process” which has the same meaning as the 8003's
“end of frame" line (EOF). These lines are used to
terminate the transfer process after the last byte of aframe
has beentransferred. Both the EOP and EOF lines are bi-
directional, the directiondependingonthe direction of data
transfer. They are interfaced together by an inverting
transceiver, whose direction of operation is controlled by
the DACKO and DACK1 acknowledge lines.

The active polarities of the DREQ and DACK lines on the
8237/9517 are programmable by setting internal control
bits. For the interface shown, they should be programmed
active high.

68440/68450 DMA Controller Interface

The 8003 interface to the 68440/68450 DMA Controllers
from the popular 68000 microcomputer family is shown in
Figure 9. The request lines on the 68440/68450 can be
programmed to be level or edge sensitive. Inthisexample,
level sensitivity is selected by setting internal control bits.
Asinthe previous example of Figure 9, the TxRDY output
of the 8003 drives the request line for Channel 1 and the
RxRDY requests Channel 0.

The acknowledge lines on the 68440/68450 can be con-
nected directly to the TXWR and RxRD inputs of the 8003
as shown in Figure 9.

DATA A '
sus < ™ cdstes
b— 8003
o-_ —
ADDRESS/ po———|CS
CONTROL <‘ '> DECODER o—
BUS ——d ;W_B
O——CQ RD
Ao
Ay
> A,
INTERRUPT g
REQUEST INT

Figure 8. Control/Status Interface
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QUAD DMA
CONTROLLER

EOP
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10R
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DREQ1 TxRDY
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Figure 9. 8003 Interface to 8237/9517 DMA Controller
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CONTROLLERFG g b 04 RXDC
+5
47K

5 —Ci >————_—_] ::):o.c. { coF

o.c. ‘
— L 2
DONE ﬂ:q_

Figure 10. 8003 Interface to 68440/68450 DMA Controller

Onthe 68440/68450, the EOF function pinis called “done".
The DONE pininterfacesto the 8003's EOF pinthrough an
inverting bi-directional transceiver shown at bottom center
of the drawing. As in the previous example, this signal
terminates the channel activity at the end of the frame.

The PCLO and PCL1 lines on the DMA Controller are put
to good use in this application. They are programmable
inputs associated with Channel 0 and Channel 1 respec-
tively. By setting internal control bits, the PCL1 line canbe
programmed to activate the on-chip interrupt request
logic. The interrupt request output of the 8003 (INT) is
usedtodriveit. Alowon PCL1 willinterruptthe processor
to read the status registers of the 8003. This is used for a
variety of conditions which can occur on the network. For

exampls, if 16 consecutive collisions occur, network diag-
nostics and/or an alarm are ordered by interrupting the
processor. The status code which has generated the
interrupt is read by the processor from the 8003's internal
status registers.

The PCLO input can be programmed to be an input for
restarting Channel 0, the receive channel. In this mode, a
low on PCLO will re-initialize the channel automatically. It
is driven by the 8003's RxDC receive discard line. RxDC
goes high following reception of a bad frame or frame
fragment. This will in effect discard the bad data and
restart the receive channel, without the need for processor
intervention in setting up the channel.
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Introduction

Ethernet was developed by the Palo Alto Research Center
(PARC) of the Xerox Corporation. The first network was
implemented in 1975, as a result of a joint effort by
Stanford University and PARC. Over the years, it was
proven to be reliable and efficient in a wide variety of
network applications. As a result of that success, it be-
came the first industry standard protocol for LANs, sup-
ported internationally by computer manufacturers in the
United States and Europe.

The network allows equal access by all nodes, can support
upwards of 1000 nodes, and can operate with a coaxial
cable length in excess of 500 meters. Ethernet is easy to
realize, due in large part to currently available LS| chips
which implement it.

In 1980 the Institute of Electrical and Electronics Engi-
neers(IEEE) sponsored acommittee to review, document,
and publish this protocol as an international industry
standard. After three years of review and refinement, this
specification has been published by the IEEE press under
the title, “ANSI/IEEE 802. 3-1985 CSMA/CD Local Area
Network Standard Protocol”. The medium access method
is described by the abbreviation CSMA/ CD, or Carrier
Sense, Multiple Access with Collision Detection.

CSMA/CD: Carrier Sense, Multiple
Access with Collision Detection

Carrier Sense

All nodes on the network can detect all signals transmitted
from any source. A node is any connection to the coaxial
cable via transceiver, shown in Figure 1.

The transceiver makes a connection to the cable via
connectors or has barbs to pierce the cable and establish
an electrical connection when a screw or bolt is tightened.

The transceiver provides collision detection, electrical
isolation and voltage level translation between the system
at the node and the cable carrying data.

Multiple Access

All nodes have equal access to the network. There is no
priority assigned to any node. Also, there is no central
control, nor is there any token passing. Any given node
may transmit if the net work is not already busy. If two or
more nodes transmit at the same time, a collision occurs.

Collision Detection

Ali nodes can detect a collision by monitoring the medium.
When a collision occurs, the transmitting nodes jointly
decide which node will retransmit first by a technique
known as truncated binary exponential backoff, which
provides for a random timeout at each node before each
retransmit attempt.

Figure 1.
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Ethernet Data Format

Data is formatted and transmitted in “packets” or “frames”,
as shownin Figure 2. These frames begin with a preamble
for synchronization, and end with a CRC. field for error
detection. In between, the frame has destination and
source addresses, a byte countfield, and adata field. This
data field contains from 46 to 1500 bytes of information
which is passed to a higher layer of software for process-
ing. Itis transparent to the media access layer of Ethernet,
and may contain any arbitrary sequence of bytes.

Total frame length is 72 to 1526 bytes, including preamble
(8 bytes), and frame check sequence (4 bytes).

The signaling method used in Ethernet is base-band
Manchester code, transmitted at 10 Megabits per second.
Manchester code is such that each bit is defined by a
transition at its mid-bit point: a ONE is encoded as a high
going signal and a ZERO is a low going signal. Thus, the
data is said to be self clocked. This technique provides a
continuous supply of bit framing information for the re-
ceiver, since the transmitted signal is never static for more
than one bit time.

Addressing Scheme

An Ethernet address contains six bytes to define a station
address. This allows for over 140 trillion unique addresses.
The 48th bit in the address is reserved to indicate a

broadcast or multicast address. Xerox Corporation con-
trols issuing addresses for Ethernet. As a system manu-
facturer, you receive your block of addresses when you
receive a license. It is necessary to assign a unique
address for each product that communicates on Ethernet.

Direct Memory Access System Interface

There are two basic DMA techniques for interfacing the
network to the system bus. The first, in Figure 3a, uses
DMA to transfer data directly between the Ethernet con-
troller and the system memory. In Figure 3b, a temporary
buffer memory intervenes between the system memory
and the controller chip. This buffer eliminates the need to
service LAN traffic in real-time.

Why a Local Buffer?

Consider the first approach, where no local buffer is used
at the node. Since the LAN data rate is 10 Megabits per
second, the DMA controller must be capable of handling
system data at a minimum of 1.25 Megabytes per second.
If the controller can not operate at this rate continuously,
LAN data will be lost. Additionally, if the system is to
support loopback diagnostics, both transmit and receive
must operate simultaneously, together transferring 2.5
Megabytes per second. Clearly, a garden variety DMA
controller will not get the job done. Particular attention

FRAME
DESTINATION SOURCE BYTE DATA
PREAMBLE (8) |  ADDRESS (6) ADDRESS (6) COUNT (2) (46-1500) CHECK SEQ
STATION ADDRESS
REGISTER BIT 0
STATION ADDRESS
REGISTERBIT 7
BYTEO i BYTE 1 - BYTES
7
SOURCE
PREAMBLE Moo by | hgehig | Mgy g SouRcE
ya
77
AN /
/"
DESTINATION

Figure 2. Ethernet frame format. Numbers in parentheses indicate the length of each field. Bits within a byte
are transmitted and received LBS first and MSB last.
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must be paid to how long it takes the controller to acquire
the system bus. If too long, Ethernet data will be lost.

Collision Effects

Collisions normally occur during transmission of the first
64 bytes of data. If packets are retrieved via DMA from
system memory, when a collision occurs these 64 bytes
must be retransmitted. This is an inefficient use of bus
bandwidth.

An Ethernet Controlier is a True Asynchronous
Peripheral

Prudent system design calls for buffering any peripherals
which are asynchronous in nature. Buffering makes the
resource much more manageable at the system level.

Implementing a Local Buffer

Most currently available Ethernet controllers have a
modest buffer builtin, usually onthe order of 16 bytes. This
is sometimes adequate to handle system bus acquisition
delay, but it does not make efficient use of bus bandwidth
in three important areas:

1. Collisions during transmit. As network traffic increases,
the probability of a collision increases. Each time a colli-
sion occurs the Ethernet controller must retransmit from
the beginning of the packet. The time spent retransmitting
due to collision uses bus bandwidth unnecessarily.

2. Frame check sequence (CRC) errors after receive.
Since errars are not detected until after a packet has been
received, bus bandwidth will be wasted when receiving
packets with errors.

3. A significant number of receive packets are minimum
size (64 bytes) yet contain much less than 64 bytes of
information. For example, packet acknowledgments con-
tainless than 20 bytes of information and are paddedto the
64 byte minimum required. Transfer of these pad bytes
overthe systembus cannot be avoided without somelarge
local buffer.

Supplementing the Controller Buffer

RAM can be added to the Ethernet board to add to the
modest buffer already on the controller chip. Figures 4a
and 4b show two possible ways.

The buffer should be atleast 1514 bytes long. Static RAMs
were chosenin Figure 4ato avoid having toinclude refresh
control circuits in the dual port memory control logic.

The memory control must regulate access to the buffer by
two buses: the system bus, and the data bus from the
controller. The SRAMs are costly.

If DRAMs are used asin Figure 4bthe costis lower but they
do require refresh circuitry in the memory controller.

~ ~
K —>
SYSTEM
MEMORY K——)
— ETHERNET
N CONTROLLER
o
£ 5
3 P A
Ko V)
HOLD REQ.
PROCESSOR
HOLD ACK.
v
SYSTEM
BUS
Figure 3a.

] ]
K— —=
SYSTEM
MEMORY K ——)
' ETHERNET
CONTROLLER
2 >
4 _
a R < 4
. < N 5 ({8
F.—— — e <
PROCESSOR . N
DUAL-PORT
: R MEMORY
SYSTEM
BUS
Figure 3b.
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Local Buffering with the 8005

The 8005 Advanced Ethernet Data Link Controller com-
bines several unique approaches to the problem of imple-
menting an Ethernet connection. Look at the design in
Figure 5.

First consider the local buffer: the 8005 is designed to work
with 64K x 4 DRAMs which are readily available, and
inexpensive. It has on board refresh circuitry, and just two
DRAM chips provide 64 Kbytes of local buffer storage.

The 8005 treats the DRAM in a unique fashion: it multi-
plexes both address and data over eight lines. This saves
on circuit board traces: only 12 lines are required to
interface with the DRAMSs, compared with 26 lines if static
RAMSs are used.

The 8005 also directly supports an address (EE) PROM,
which allows for storage of the 8005's Ethernet address
and configuration data.

The 8005 supports six unique station addresses. Thus,
one physical connection on the Ethernet suffices for six
logical connections. You could make effective use of this
feature by, for example, connecting six devices to one
Ethernet node, and controlling access to each device.

Figure 6 illustrates a cluster controller which services three
printers and three PCs or terminals, and provides access
to the Ethernet for the devices.

The printer controller services the cluster of three printers,
and a low cost, low speed LAN provides coverage for the
PCs. This LAN coverage may represent a relatively small
geographicarea, like a single corporate department. Note,
however, that each device has access to the Ethernet, and
each has a specific Ethernet address.

Design Examples

In this section, we'll briefly examine the way in which the
8005 can put two popular microprocessor bus formats on
Ethernet, by way of using the Intel and the Motorola bus
modes built into the 8005. Then we'll look in detail at a
intelligent Ethernet controller which could realistically
reside on a PC board, and usurp a minimal amount of
resources from the system in which it is installed.

The Intel Mode

Figure 7 shows an implementation of the 8005 in an
environment using an Intel processor. Note that
BUSMODE is pulled up, indicating that the 8005 will
produce Intel-compatible output signals, and accept in-
puts from an Intel bus. Also, in this example, we have
selected a 16 bit bus, since BUSSIZE is high.

The Motorola Mode

In Figure 8, the 8005 is configured for use with Motorola
processors, and the interface fits that processor family.
BUSMODE is a ZERO, and we have specified a 16 bit bus,
as before with the Intel mode.

A Board Leve! Ethernet Controlier

Figure 9 illustrates a design using the Intel 80186 as a co-
processor with the 8005, on the same PC board, to
implement Ethernet. The 80186 is a particularly good
choice for this application, because it has an on-chip DMA
controller.

The 80186 has multiplexed address and data lines, here
shown being demultiplexed by the latch. The data bus is
buffered by the 74LS245s, but these may not be required,
depending on the fanout required by the specific applica-
tion.

The important signals between the two chips are the
following; refer also to Intel 80186 and SEEQ 8005 data
sheets.

Use DREQ from the 8005 into DRQO of the 80186. This is
the highest priority DMA request on the 80186. Since the
80186 has no explicit DMA acknowledgment signal, you
need to use the peripheral chip select signal: PCS1 isused
as the DMA acknowledge, and PCS0is the 8005 CS (chip
select). The 8005 INTerrupt is connected to the 80186
INTO, and IACK of the 8005 is pulled up, since the 80186
does not provide for its use.

The RDY line of the 8005 is connected to the ARDY
(asynchronous ready), since the two chips are each run-
ning off their own clocks. At the 80186, pull up SRDY
(synchronous ready).

The 80186 does not provide a terminal count out put, asdo
many other DMA controllers, toindicate to the 8005 to drop
its DMA request. Therefore, when the 80186 Terminal
Count Interrupt occurs, software must disable the DMA
request in the 8005 by setting bit 11 in the command
register.

Other Support Circuits

The 8005 supports a PROM, shown here as a 2804A
E?PROM. The PROMis used primarily to store its Ethernet
address and configuration data, but other convenient data
may be stored there too.

The 8005 supports the T TMS 4464 DRAMs (or equiva-
lent) with a minimum of PC board circuit traces by multi-
plexing both address and data lines to the DRAMs. Two

seeQ Technology, Incorporated
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Figure 4. Implementing a local bufer for Ethernet traffic, using static RAM(a), and dynamic RAM (b).
DRAMs are lower in cost, but require refresh circuitry.
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Figure 6. You can connect up to six devices to one Ethernet node using the capability of the 8005 to decode
up to six station addresses. In this example, three printers and three PCs or terminals are
connected to one Ethernet Node. The 8005 and its system CPU controls Ethernet accessto and

from the devices.

DRAM chips provide an ample 64 Kbytes of Packet Buffer
storage. The 8005 allows you to partition this buffer into
receive and transmit areas of your own choice.

Finally, the diode RC network provides a power on reset
pulse (minimum 10 microseconds wide) for both the 8005
and 80186.

The 8005 in Non Ethernet Applications

The Ethernet, because of its simplicity and high speed, is
often used in smaller physical con figurations than those
for which it was originally intended. Applications include
communications between processors in a large parallel
process ing engine.

The 8005, because of its configurability, can be “trimmed
down" for use in networks which need not strictly follow the
Ethernet format.

The Ethernet address is six bytes long. The 8005 may be
configured to accept just a 2 byte address, saving four
bytes per address in a packst. Since there are two address

fields per packet (destination and source), eight bytes are
saved.

Ethernet specifies a minimum “slottime” of 51.2 microsec-
onds. This represents the time required for one round trip
of a packet on a maximum length cable, and is required for
reliable collision detection. The 8005 may be configured
for a slot time of 12 microseconds, which shortens waiting
time after a collision. Additionally, when you select the
shorter slot time, the 8005 automatically reduces the
Collision Jam Pattern from 8 to two bytes, and reduces the
interframe spacing from 9.6 to 2.4 microseconds.

Refer to the 8005 data sheet for more detail on selecting
these optional parameters.

Configuring the 8005

This step is required following hardware reset or software
reset. Note that a hardware reset must be provided follow-
ing power on. Following reset, allow 10 microseconds after
the reset before attempting access to the part.

seeQ Technology, Incorporated
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Figure 9. The use of the 8005 and the Intel 80186 to implement a board level intelligent Ethernet data link. The

80186 is a good companion for the 8005, since

it has an on-chip DMA controller. The 8005 supports

an address PROM, and 64 Kbytes of DRAM to serve as a local Packet Buffer.

Configuring includes loading the Ethernet station
address(es), selecting transmit and receive packet buffer
size and defining interrupt conditions and an optional
interrupt vector.

Al this information may be storedina PROM on the same
PC board as the 8005. This allows the assigned Ethernet
station address(es) to travel with the board.

Register Architecture

The general approach fo initializing the 8005 consists of
reading information from the PROMinto system RAM and
writing it back into several registers inside the chip. See
Figure 10, which depicts the Register Model of the 8005.

There are nine 16-bit registers which are directly acces-
sible by using the signals Chip Select, I/O read, I/O write
and A, through A . There are also four registers which are
selected by the buffer window code bits and accessed
indirectly through the buffer window register.

in the discussion below, note that the 8005 has been
configured for a 16 bit bus. Input A, (pin 54) is ignored

when in 16 bit mode, and is shown as a “Don't Care” (X).
In 8 bit mode, A selects the low order byte when a ZERO,
and the high order byte when a ONE.

Reading the Address (EE) PROM

After reset, if you are using a local Address PROM, write
that location to the DMA Address Register which points to
the first configuration byte in the PROM. Select access to
the Address PROM by writing 0006 to the Buffer Code Bits
in Configuration Register #1. The 8005 will then drive the
chip enable line of the PROM via APEN (pin 10) for each
Read or Write to the Buffer Window Register. When all
configuration and station address bytes have been moved
into system RAM, the next step is to write them into the
8005.

Loading Indirect Registers

Indirect registers are selected by the buffer code in Con-
figuration Register #1 and accessed through the buffer
window register. All indirect registers are 8 bits wide and
therefore only use data bits D,D,.

seeQ Technology, Incorporated
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Station Address Registers

To load the station address registers, select the desired
station address register set by writing a value from 0000 to
0005 to Configuration Register #1. Then write the appro-
priate 6 byte address to the buffer window register, one
byte at a time, with the most significant byte first, and the
least significant byte last. Each write automatically incre-
ments an internal pointer register to the next byte of the
station address. Repeat this process until you have loaded
all desired station address registers.

Specify Transmit Buffer Size

Write a 0007 to Configuration Register #1 to select the
Transmit End Area register. Write an 8 bit value to the
Buffer Window register which specifies the most signifi-
cant byte of the last address in the Transmit Buffer space.

For example, to define space for four packets, each 1514
bytes long:

1514 X4 = 6056 bytes for data
4X4= .16 bytes for header

6072 bytes required;

6072/256 = 23+, or hex 0017

Thus, we would write hex 0017 to the transmit end area
register. This also sets the receive buffer area, by default,
to start at hex 1800, which leaves 58 Kbytes (hex FFFF
minus hex 1800) for receive packets.

If interrupts will be enabled and an interrupt vector is
required, write a 9 into Configuration Register #1 to select
the Interrupt Vector Register, and then write the 8 bit
interrupt vector into the Buffer Window Register.

Specify Recelve Buffer Size

Write an 8 bit value into the least significant byte of the
Receive End Area Register to specify the most significant
byte of the last buffer address for receive packets. This
would normally be hex FF if the rest of the local buffer is to
be used for received frames.

Loading Direct Access Registers
Inltiglize Transmit Pointer Register
Write 0000 to this register.

Configuration Register #1

Loading this register defines receiver match modes, en-
ables station address register sets and sets up DMA burst
interval and size. Access this register by setting A, - A, to
001X.

Configuration Register #2

Following reset, this register is configured for IEEE 802.3
compatible network interface. ltcontains bitsto select non-
IEEE 802.3 network operation, diagnostic modes (CRC
enable/disable for both receive and transmit), enable
receiving packets with errors (short frames, dribble errors,
CRC errors, overflow errors), select byte order for 16 bit
bus and enable automatic receive end area update.

Initialize Receive Pointer Register

Load thisregister with the same value as the Receive Start
Area (16 bit Transmit End Area address plus hex 0100).
Save this value, since it points to the first byte of the next
packet header, and you will needitto find the nextreceived
packet.

Inthe example above, the Transmit End Area address was
hex 17FF. Therefore, the Receive Pointer Register should
be loaded with hex 1800.

Initialize DMA Address Register

If no packets are to be loaded into the transmit area, load
this register with the contents of the Receive Pointer
Register.

Command/Status Register

Set RxON (bit 9), and, if desired, RxINT Enabl (bit 1) to
ONEs. If you are not using interrupts, you may poll RxINT
(bit 5) to see if a frame has been received.

Transmitting a Frame

This discussion assumes that the system is connected to
an IEEE 802.3 compatible network. The contents of a
Transmit frame have no meaning to the Packet Buffer
Controller and the Ethernet Data Link Controller circuitry,
and can be arbitrary in length and content. As discussed
above, transmission of the Preamble and CRC (frame
check sequence) can be suppressed under software
control for specialized network requirements or diagnostic
tests.

After you have gone through the configuring as outlined
above, the 8005 is ready to receive or transmit frames.
Refer to Figure 2 and recall that a frame consists of from
64 to 1514 bytes, which includes a 6 byte destination
address, a 6 byte source address, and an area for data all
of which is supplied by your system software. The entire
frame has a prefix containing a 62 bit preamble (which
synchronizes the phase-locked-loop in the Manchester
Code Converter with respect to the received packet), and
a 2 bit start frame delimiter. Following the data field there
is a 4 byte frame check sequencs. All of the components
of the prefix and the CRC are supplied by the 8005.

seeQ Technology, Incorporated
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A packet is prepared for transmission by writing into the
Transmit Buffer Area a 4 byte header, followed by the
destination address, the source address, and finally the
data field. Refer to Figure 11. You may choose to do this
via programmed I/O, or via an external DMA controller.
Frames may be chained together up to the capacity of the
available Transmit Buffer Area by using the Next Packet
Pointer (first two bytes) and the Chain Continue bit (bit 6)
in the Transmit Header Command byte.

Refer to Figure 12. Read the Status Register to see if the
DMAFIFO directionis set to write to the Packet Buffer (bit
15 cleared). If itis and the DMA register is not going to be
loaded with a new value then data can be written immedi-
ately. if the DMA register is to be changed, then check to
ensure that the FIFO is empty (Status Register bit 4 set).
If the FIFO is not empty, continue testing bit 14 until the
FiIFQis empty. If you change the FIFO direction or write to
the DMA Register, FIFO contents will be cleared.

If necessary, load the DMA Register with the address for
the first byte of the Packet Header, and write Packet
Header and data into the FIFO. The first Packet Header
address is normally 0000.

Figure 13 depicts the same operation, only under DMA
control, After you set up the system DMA controller, set
DMA ON (Command Register, bit 8), and DMA Interrupt
Enable (Command Register, bit 0), if desired. The former
enables the DMA request logic, and the latter causes an
interrupt to be generated at the completion of a DMA op-
eration i.e., when terminal count has been input.

After all of the packets in a given chain have been written
into the Transmit Buffer Area, load the Transmit Pointer
Register with the address of the first byte of the first
transmit packet header, set TxON (bit 10) and, optionally,
TxINT Enabl (bit 2) to ONEs in the Command/Status Reg-
ister.

The 8005 will then read the first header, which is pointed
to by the Transmit Pointer Register, and process that
packet, and all additional packets in the packet chain in
turn. Any retransmission of a packet due to a collision will
be automatically handled by the 8005, thus relieving your
system from having to transfer that packet of data more
than once.

When a packet has been successfully transmit ted (or 16
collisions occur), the Done bit {bit 7) in the transmit header
status byte will be setto a ONE. The Transmit Buffer Area
occupied by that packet is now available for another
packet, and may be written to at the same time as subse-
quent packets are being transmitted. The 8005 will move
to the next packet in the chain.

When all packets in a chain have been completed (trans-
mitted successfully or collided 16 times), the 8005 resets
TxON (bit 10) in the status register to indicate that it is
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Figure 11. Transmit Packet Chain, residing in the
Packet Buffer, and ready to be transmitted. Two
packets are in this chain. Note that the Packet
Buffer is nondestructively read, and the packets are
still in the buffer after they have been transmitted.
after transmission, the 8005 updates the Header
Status Byte (byte 4). The first two bytes of the
Packet Header point to the address of the first byte
of the second Packet Header.
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ready to transmit another packet chain. If 16 collisions
occur on a packet, the 8005 stops transmission attempts
for that packet only and moves to the next packet in the
chain, if one exists. In the example in Figure 11, bits 2 and
3 are ON in the transmit header command byte which will
cause the 8005 to set the transmit interrupt bit inthe status
register and, if enabled, interrupt the processor when 16
collisions occur or the transmission is successful.

The last packetinthe chainis denoted by havingthe Chain
Continue bit cleared to a ZERO. The Next Packet Pointer
points to the address follow ing the last byte of the last
packet.

You may treat the transmit packet buffer in one of two
ways:

1. As acircular buffer with wraparound, where youremem-
ber the address to load new packet headers and packet
data. The DMA register automatically wraps around to
address 0 when the transmit end area has been reached.

2. As alinear buffer, where you reset the transmit pointer
to 0000 after each packet chain transmission.

Receiving Frames

Once the 8005 has been configured and the receiver
enabled, frames which meet the match mode and station
address requirements specified in Configuration Register
#1 and the enable bits 2 - 5in Configuration Register #2 will
be moved into the Receive Buffer Area beginning at the
address contained in the Receive Pointer Register.

When one or more packets are available in the receive
area, the 8005 sets Rx Interrupt (bit 5) in the Command/
Status Registertoa ONE. lfreceiveinterrupts are enabled.
(Command Register bit 1 set), then the external interrupt
(pin 11) is asserted. Frame header and data can now be
read by loading the DMA Register with the start ing
address of the Packet Header and executing successive

—>] READ STATUS REGISTER |

FIFODIR
= WRITE?

SET FIFO TO WRITE
DIRECTION

LOAD DMA REGISTER
WITH ADDRESS OF
PACKET HEADER

WRITE PACKET
HEADER AND DATA

LOADING TRANSMIT PACKETS INTO
LOCAL BUFFER PROGRAMMED /0

Figure 12. Loading Transmit Packets into the local
Buffer, under Programmed I/O conditions. Note
that, if you change the direction of the DMA FIFO, or
load the DMA Pointer Register, you will lose any
data stored in the FIFO.
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LOADING TRANSMIT PACKETS INTO LOCAL
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Figure 13. Loading Transmit Packets into the Local
Buffer under DMA transfer, using interrupt.
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reads. If Auto Update REA (bit 1 of Con figuration Register
#2) is set, the Receive End Area Register will be updated
with the upper byte of the DMA register each time a DMA
read occurs. This releases buffer space as its contents are
read, and allows for the receipt of more data at the same
time as data is being read out.

The action taken on a receive packet depends on the
status of the packet and its contents. If the packet statusis
bad, it may be skipped entirely without transferring any of
its data to system memory by loading the Receive End
Area Register with the most significant byte of the next
packet pointer. This will release the buffer space of the
previous packet for future packets. In like fashion, if the
packet data shows it to be an “overhead" packet (such as
a Packet Acknowledgement), this can be so noted in
network software and the packet skipped. Thus, unneces-
sary transfer of the packet over the system bus can be
avoided, and system bandwidth preserved. If the packet
data must be processed, just the information portion of a
packet (exclusive of any bytes used to pad the packetto a
minimum size) can be read to system memory by pro-
grammed /O or by an external DMA controller.

Recelve Packet Chaining

The 8005 automatically chains together receive packets
using a circular FIFO buffer structure. Each packet is
prefaced by a 4 byte header whose first two bytes forma
16 bit address that points to the next header. A chain of
packets always ends with a header-only packet whose 4
bytes equal 00. The address of this header-only packet
should be saved, since it will containthe header of the next
packet received. It is a simple matter to follow the packet
chain from header to header until the chain Continue/End
bitis read as a ZERO, calculate the length of the chain and
set up the DMA Register and an external DMA con troller
to transfer the entire chain of packets to system memory if
desired. This is advisable in applications where high
average receive datarates are expected and data must be
moved quickly from the local buffer to the system memory
at the expense of bus bandwidth. To minimize system bus
utilization, packets can be moved one at a time; this
permits moving only the information content of a packet.

Calculating Packet Chain Length

In order to perform a DMA transfer, you need to give the
DMAcontroller the “count”;i.e., how many bytes (or words,
in a 16 bit system) will be transferred. To do that, you need
to calculate how many bytes are available in the Packet
Buffer as a result of receive activity.

Refer to Figure 17. This flow chart illustrates the steps
required to calculate the length of the packet chain.

The first step requires that you know the Packet Buffer
address of the last packet header readinthe mostprevious
receipt of Ethernet data. If the 8005 has just been initial-

ized, the address is the beginning of the Receive Packet
Buffer which was determined earlier in this note (hex
1800). If packets have been previously been read this
address will be the location of the header last read that had
the chain continue/end bit reset.

The next step, referring to Figure 17, is to turn off the Auto
Updat REA (Configuration Register #2, bit 1). Thisinsures
that the 8005 will not use the area occupied by this packet
chain for new receive data.

Read each Packet Pointer in turn, and then read the
Header Status byte immediately after the Pointer, whichis
Byte #3. Bit 6 of Byte #3is the Chain Continue bit. Continue
reading this bit in each packet header until this bit goes to
ZERQO. This signals the end of the chain. Save the local
buffer address of the first byte of this last header as this is
the address of the header for the next packet received.
Subtract the address of the first header in the chain from
this address. If theresultis a positive number, you have the
chain length directly.

If the result is negative it denotes that the Receive Pointer
Register has wrapped around past the beginning address
of the receive area. The chain length will be equal to the
sum of the receive buffer size plus the value (including
sign) of this result. You already know the buffer size, since
you defined it during configuration of the 8005: hex FFFF
minus the receive start address (defined during configura-
tion) plus 1. For the previous example, the buffer lengthis
hex E800 (FFFF - 1800 + 1). Load the chainlengthinto the
DMA controller, and set Auto Updat REA. You are now
ready to read data out of the receive buffer andinto system
memory.

There are two ways to read Packets out of the Local Buffer:

1. Via programmed 1/0.
2. Via DMA transfer.

The front end portion of each procedure is the same: first,
check to see if the FIFO is empty; then set it to Read. If the
FIFOis notempty, check to seeifitis inthe Write direction.
If not, load the DMA Register with the address of the next
Packet Header. If this is the first Packet to be read, this
address will be that which was derived when you defined
the Transmit Buffer size during configuration of the 8005.

Reading Packets Using Programmed I/O

The data path between the local buffer and the host busis
buffered by a 16 byte FIFO called the DMA FIFO. it serves
as a rate buffer between the host and the local buffer,
especially for 16-bit data transfers. Because the local
buffer is a shared resource (there are 4 ports including the
DRAMr efresh port), theinitial read from the buffer window
which follows loading the DMA register may take eight
microseconds worst case. The 8005 signals this delay by

see@ Technology, incorporated
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deasserting Ready (if Busmode = 1) or delaying Dtack
(if Busmode = 0). if this initial read wait state is unaccept-
able, then the buffer window interrupt feature can be used.
The buffer window interrupt is asserted for programmed I/
O reads (not DMA reads) when the DMA FIFO has data
available.

Under Programmed I/O control (see Figure 14), after you
load the DMA Register, read Status Register bit 7, Buffer
Window Interrupt or wait for a hardware Buffer Window
Interrupt if it is enabled. When the interrupt is asserted,
read Packet Header and data out of the receive FIFO, via
the Buffer Window, until all bytes have been transferred.

Reading Packets Using DMA

The second approach is by DMA transfer. See Figure 15.
After loading the DMA Register, load the system DMA
controller with the destination address in system memory,
and the previously calculated packet chain length. Then
set DMA ON (bit8inthe Command Register). This enables
the DMA Request logic inside the 8005. Optionally, set
DMA Interrupt Enable, which will cause an Interrupt to be
generated when the DMA controller has asserted Termi-
nal Count. The DMA Request output signal will be as-
serted when there are a sufficient number of bytes in the
DMA FIFO to satisfy the DMA Burst Size (2, 4, 8, or 16
bytes) which you selected earlier when configuring the
8005.

| ReaDsTATUS REG.

Ja—

YES
NO FIFODIR.
= WRITE?
YES NO
SET FIFO DIRECTION
TO READ
LOAD DMA REGISTER
WITH ADDRESS OF
NEXT PACKET HEADER
| reapstatuspee.

READ PACKET HEADER
AND DATA

READING A PACKET FROM LOCAL
BUFFER PROGRAMMED i/0

Figure 14. Reading Packets out of the FIFO using
the Programmed |/O procedure.
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Fgure 15. Reading the Local Buffer under DMA
control.
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Interrupts

There are several interrupt sources in the 8005. This
section describes these interrupts and how to service
them. For this discussion, refer to Figure 18.

Transmit Interrupts

There are four transmit interrupt sources in the 8005;
Babble, Collision, 16 Collisions, and Transmit Success.
Each of these can set the transmit interrupt bitin the status
register if so programmedinthe transmit header command
byte. If T, Interrupt Enable (Command Register bit 2) is
set, the 8005 will also assert an interrupt on pin 11. The
transmitinterrupt is cleared by setting TXINTACK (bit 6) in
the command register.

Babble Interrupt

The 8005 will transmit packets as large as will fit in the
transmit buffer. The IEEE 802.3 standard specifies a
maximum packet size of 1514 bytes. The babble interrupt
indicates that a packet larger than 1514 bytes was trans-
mitted.

Collision Interrupt

When a packet collision occurs, the 8005 packet buffer
controller automatically restores its transmit pointer to the
beginning of the packet and schedules retransmission
foliowing the back off time. In some applications it may be
desirable to record the number of collisions that occur.
This bit enables setting the TxINT bitin the status register
for each collision.

START
READ STATUS REG.
YES
NO FIFO DIR.
FIFO EMPTY? CWRITE?
YES NO
SET FIFO DIRECTION
LOAD DMA REGISTER
WITH ADDRESS OF
NEXT PACKET HEADER
ENABLE BUFFER WINDOW
INTERRUPT
e il [ BuFFeR Wicow T
ACKNOWLEDGEMENT BIT BUFFER WINDOW INT.

READ PACKET HEADER
AND DATA

READING A PACKET FROM LOCAL BUFFER
USING BUFFER WINDOW INTERRUPT

Figure 16. Reading a Packet from the local Packet
Buffer using the Buffer Window Interrupt
approach.
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AUTO UPD REA
GET FIRST PACKET
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PACKET HEADER
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ADDRESS = THIS
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ves
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CALCULATE LENGTH:
LAST PTR ADDR.-
1ST HEADER ADOR.

CHAIN LENGTH =
BUFFER SIZE +
RESULT

NO
CHAIN LENGTH =
RESULT

Figure 17. The steps necessary to calculate the

length of a Packet Chain. You need to
save address of the last header in the
last the packet read, in order to perform
the calculation.
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Figure 17a. Example of two receive packets in a
packet chaln with wraparound.

16 Collisions Interrupt

The 8005 counts the number of collisions that occur on
each packet. If a packet has collided 16 times, the usual
cause is a network fault such as an unterminated coaxial
cable or an open in the cable. This interrupt notifies the
host that a packet has collided 16 times, and the packet
buffer controller will now abandon transmit attempts for
that packet and move on to the next packet in the chain if
one exists.

Transmit Successful Interrupt

This interrupt indicates that a packet was successfully
transmitted with less than 16 callisions.

Receive interrupts

The 8005 sets the receive interrupt bit (status register bit
5) whenever a packet that meets the criteria in bits 2 - 5 of
Configuration Register #2 has been placed in the local
buffer. It will remain set and, if the receive interrupt enable
bit is also set, the external interrupt will remain asserted
until the receive interrupt acknowledge bit is set. If a
separate interrupt for each packet is desired, the receive
interrupt should be acknowledged within 70 microsec-
onds, which is the minimum time for receipt of a subse-
quent 64 byte packet. If more than 70 microseconds
elapses before acknowledging a receive interrupt, it is
possible for additional packets to be added to the packet
chain.

The 8005 protects the receive interrupt condition such that
if a new interrupt is being generated while the host is
setting the receive interrupt acknowledge, the receive
interrupt will persist. If, however, a new frame is received
after the interrupt acknowledge and before the calculation
of the packet chain length, the packet chain which is read
will include the new packet associated with the new
interrupt. The new interrupt, when serviced, will now be
associated with an empty packet since it was part of the
previous chain.

DMA Interrupts

The DMA interrupt bit in the status register is set following
receipt of terminal count from the external DMA controller.
if the DMA interrupt enable bit (command register bit #0) is
also set, an external interrupt will be asserted. The inter-
ruptis cleared by writing a 1 to the DMA interrupt acknowl-
edge bit.

GeeQ Technology, Incorporated
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Self-Test and Network Diagnostics

The 8005 contains a number of special features for self-
test and network diagnostic support.

Loopback

Two forms of loopback are possible with the 8005. Local
loopback is accomplished when the 8005 is connected to
an 8020 Manchester Code Converter. When bit 11 of
Configuration Register #2 is set, the loopback pin of the
8020 will be brought low. This causes transmitted data to
be looped back to the receiver of the 8020. If the packet
transmitted meets the match mode and is addressed to
one of the 8005's enabled station addresses, it will be
received and placed in the local buffer. Using diagnostic
control bits 9 and 10 in Configuration Register #2, it is
possible to transmit packets with CRC errors to check the
receive CRC logic, and to include the CRC in a receive
packet to check the transmit CRC logic. Loopback can
also be accomplished by connect ing the 8020 to an
Ethernet transceiver. Because the network is half-duplex,
any data transmitted will also be received. Thus the same
loopback test as above can be performed while the net-
work is active by simply sending a packet to oneself.

Interrupts

The 8005 has separate control bits for turning on an off the
receive logic, transmit logic and DMA logic. The interrupts
for these functions can be tested without actually perform-
ing the function by setting both the on and off control bits
simultaneously. For example, if the receive interrupt logic
is to be tested set both RxON and RxOFF bits in the
command register. This will cause the receive interrupt bit
in the status register to be set and, if the receive interrupt
enable bitis also set, will cause an external interrupt. This
mode has no effect on any logic other than the interrupt
logicand associated status register bit, i.e., packetscanbe
transmitted and received while this diagnostic mode is set.

Detecting Network Cable Faults

ltis possible to make a gross determination of cable faults

by taking advantage of the full-duplex nature of the 8005:

aithough it will not transmit while receiving (that would

seeQ Technology, Incorporated

violate the Ethernet specification), it does receive while
transmitting, as long as the packet destination address fits
the receiver match mode.

Cable Opens/Missing Terminator

Anopen coaxial cable or a missing cable terminator results
in the transmission line being terminated in an infinite
impedance. Thus, any data transmitted will be reflected
back from the impedance mismatch some time delay after
itis transmitted. This time delay depends on the physical
distance to the impedance mismatch, so the length of the
packet must be large enough to insure that data are still
being transmitted after one round trip propagation delay to
the mis match. A 256 byte packet should be an adequate
size. The reflected signal will partially cancel the transmit-
ted signal and cause a collision to be detected by the
transceiver. Thus an open is indicated by repeated colli-
sions when transmit ting a packet or, if the network is
known to be quiet (no other nodes active), a single collision
when transmitting. It is also possible to make a rough
determination of where the fault is by enabling receipt of
packets with errors (Configuration Register #2 bits 3 - 5)
and then counting the number of bytes correctly received.
Note that if the cable open is very close to the transmitting
node, the collision may occur during the preamble and the
8005 would unconditionally reject the receive packet.

Cable Shorts

A shorted coaxial cable causes premature loss of carrier
sense to the receiver of the 8005 while it is transmitting. it
is therefore possible to send a packet of atleast 256 bytes
to oneself with the receiver enabled to accept frames with
errors. A cable short results in a truncated receive packet;
the size of the receive packet indicates the rough distance
to the cable short.
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EEPROM Interfacing

Introduction

The continuing rapid evolution in semiconductor E2ROM
memory device technology offers the system designer an
ever-increasing choice of function and capability. With
these increasing choices for E2ROM devices, however,
comes the problem of standardization (or lack thereof)
concerning such specifications as endurance, timingchar-
acteristics, interface requirements, ad infinitum. Today,
there are two popular types of commercially available
E2ROM devices.

Both of these types of devices have the JEDEC approved
pinout shownin Figure 1, including the muiti-functional pin
1, but differ in the timing of the control interface. The first
E2ROM type, the latched type device, such as SEEQ's
52B33 latches the addresses, control, and data inputs on
the falling edge of WRITE ENABLE (WE). For this type
device, the WE input must remain active low for the
duration of the write cycle. The second type of E2ROM, the
timer-type device, latches addresses, data, and control
signals on the rising edge of WRITE ENABLE or the
rising edge of CHIP ENABLE (CE). Forthe timer device,
such as SEEQ's 2864 the WE input need not be held low
for the entire write cycle. The primary difference between
the latched and timer devices is the control timing required
to interface to the microprocessor. Each of these types of
devices has advantages depending on system perform-
ance and configuration requirements.

LATCHED
SEEQ 52B33

TIMER
SEEQ 2864

Figure 1. JEDEC Pinout — 64K E2ROMs
280 is a trademark of Zilog, Inc.

When the designer attempts to use the advantages of both
in the same system, a problem is encountered.

One of the most frustrating problems facing a system de-
signer is the design of an E2ROM/microprocessor inter-
face that will allow compatible operation of timer and
latched type E2ROM devices in the microprocessor-based
system. The purpose of this application note is to give
examples of cost-effective designs of E2ROM/micropro-
cessor interfaces, which allow the use of both timer and
latched E2ROM devices in the system with no changes
required to either the controlling software or the hardware.
With the interfaces shown in this application note, it is
possible to operate with BOTH latched and timer devices
simultaneously in the system if the device access times
are compatible.

The microprocessor interfaces described in this applica-
tion note are for the 8085, 8086, 8088, Z80™, and 71840.
Software examples are provided for the Z80 and 71840
processors. By extension, the Z80 code is easily trans-
portable to 808X processors. Inmost cases, the hardware
required for compatibility consists of only two additional
standard (14-pin) TTL packages.

itis hoped thatthese example interfaces will assist the sys-
tem designer in implementing E2ROMSs in his system. By
no means are these special cases presented to limit the
system designer, but to provide a starting point for his
design. Theinterface circuits presented are for the family
of E2EROM devices (16K, 32K, and 64K). Other extensions
oftheideas presented may permitlower power, lower cost,
or optimization of other parameters deemed more impor-
tant.

The body of this application note consists of two sections.
First, the Basic Operation section gives the theory of op-
eration of all of the interfaces and should be read to famil-
iarize oneself with those factors commonto all of the micro-
processor interfaces. Second, the Microprocessor Inter-
face section details the design of the TTL interface re-
quired for the given microprocessor.

seeQ Technology, Incorporated
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Basic Operation

Each of the E2ROM microprocessor interfaces described
in the next section integrates hardware and software to
achieve compatibility between latched and timer E2ROM
devices. Naturally, both hardware and software are proc-
essor-dependent. However, the write cycle used is basi-
cally the same for all the examples shown.

For compatibility between the latched and timer E2ROM
devices, the interface provides control waveforms that

have timing compatible with both, since the major differ-
ence between latched and timer E2ROM devices is the
timing of the write control interface to the microprocessor
(see Introduction). The basic waveforms for latched and
timer E2ROMs are shown in Figures 2a and 2b, respec-
tively. The latched type E2ROM device acquires data on
the leading edge of WRITE ENABLE (WE). The timer
type device acquires data on either the trailing edge of WE
or the trailing edge of CHIP  ENABLEE). Interface

ADDRESS

SIS s,

DON'T CARE

(7777)07] L
|
. | \\ AL BB NY \
OE ; t DONT CARE
- T
_ —bis twp
WE I |
ol €
tps + N T - L"'WR
vo HIGH Z
(WRITE) I \ VALID DONT CARE
I |
10 Hoz 7 - R \
(ERASE) |

I"———— BYTE ERASEWRITE PERIOD

Figure 2a. Latched E2ROM Write Cycle

START OF NEXT MODE

ADDRESS{VALID

ADDRESS )

L‘—“AD———"—'AH ‘J _

— tcs —o
CE

OE
t OES —o]

|-t OEH
- twp ‘,
T\ 7 _
toL P_
ooven Ty e,
— tpv
I tps I tDH 1

Figure 2b. Timer E2ROM Wiite Cycle

eeeQ Technology, Incorporated




compatibility is achieved between the latched and timer
devices by strobing the data, control, and addresses on
the leading edge of the Write Enable pulse for the latched
device and then by strobing the data on the trailing edge of
CHIP ENABLE for the timer device (see Figure 3). By
using this technique, the hardware interface is greatly
simplified.

The software part of an E2ROM interface is very simple,
but very important. A read operation for both latched and
timer E2ROM devices is accomplished by a straightfor-
ward issuance of a microprocessor Read command at a
particular address (see Figure 4). A write operation, how-
ever, involves a more complex process.

TIX e X, T,
A

VO,-10y

Figure 3. Latched/Timer Compatible E2ZROM Write
Cycle

The flow chart for writing to the E2ROM is the same for all
microprocessors and is shown in Figure 5. After a Write
command isissued, time is required to allow proper writing
tothe storage cell of the E2EROM device. A Read command
is then issued to terminate the write operation. Note that
this Read command is not to be used to actually read the
E2ROM device, but is inserted to reset the logic circuits
used to drive the WE input of the EZROM device.

Between initiation and termination of a write cycle, the
interface uses some timing mechanism to assure proper
write conditions to the E2ROM and to know when the
E2ROM is available for another read/write cycle. The du-
ration of the timeout (t,.) depends upon the type of
E2ROM used. For all types, t,;, should fall between the
minimum and maximum specifications of all E2ROMs for
which the application is designed. The latched type of
device requires less write time than does the timer type
device.

The implementation of this timing can be accomplishedin
either hardware or software. In hardware timing, a timer
can interrupt the processor at regular intervals, or at the
end of the desired write time (). In software timing, the
processor simply counts down, waiting for the desired ,,,..
For ease of general implementation, the given examples
utilize software timing (see Figure 5). The tradeoffs, how-
ever, between software and hardware timing comprise an
involved topic. The system designer must make this deci-
sion, considering such factors as processor throughput,
board space, and expense.

After the cycle described by Figure 5 is complete, the
E2ROM device is available to be accessed for another

ADDRESSES
ADDRESS X VALID

tee

L‘—‘osm—’

{6

HIGH Z

OUTPUT

Lidld
NN

14 AV HIGH Z
VALID OUTPUT Y

P

tacc

7

toH—"™] [

Notes: 1. OE may be delayed up to t, . — .. after the falling edge of CE without impacton t, .,

2. 1, is specified from OE or CE, whichever occurs first.

3. This parameter is periodically sampled.

Figure 4. EZROM Read Cycle
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WRITE ROUTINE WAIT ROUTINE Read or Write command. Often, another read will be
performed in order to verify the written data. With the

solution proposed, this subsequent read cycle will have
normal timing, and all required write recovery parameters

orD will be satisfied.
'?gﬁ,&'ﬂ;e CONSTANT INTO L . .
ACCUMULATOR The general description provided above applies to most of
the processors shownin the specific examples below. For
J l more detailed information, the reader should refer to the
schematic, waveforms, and software that apply to a spe-
WAIT DECREMENT ;
FOR twp ACCUMULATOR [ cific processor.
l Microprocessor Interfaces
|SSUE 8085 Interface
0
CO?AEIVIAAND NO The schematic for the 8085 interface to a timer or latched
Tes E2ROM device is shown in Figure 6. This interface con-

sists of one each of a 74LS02 and 74L.S74 type package
and allows the system designer to use the WR signal from
END the 8085 to initiate the write cycle to the E2ROM device.
The design permits use of either a timer OR a latched
E2ROM device with no change required to the controlling

Figure 5. Software Flowchart — EZROM Write Cycle software or hardware. The following discussion of the
=
e 11°
SYSTEMRESET
v > ¢ |
| T
. + |
74L574
76 o | | q &
__ Irman
— P —_—
RESET WR O ————— D Q O WE
r 1 ol !
| c op—+¢
741802 L—o—
8085 I 2.2K
oYY} +S o CE E?ROM
AjAs
OCTAL
ALE o] taTcoH ™ AcA7
ADo-AD7 K > 10410,
Ag-A1o > Ag-Ao

Figure 6. 8085/E2ROM Interface
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operation of the 8085 interface relies on the 8085 timing
diagram summary for read and write cycles shown in
Figures 7a and 7b respectively.

Initiating a write cycle requires the software control routine
aschartedin Figure 5. Should the reader desire a specific
example, the Z80 code (see Figure 12) is transportable to
the 8085.

The basic write operation waveforms for this interface are
shown in Figure 8. The write cycle begins with the
addresses becoming valid and being decoded to drive
SELECT active low, in order to drive the CHIP ENABLE
(CE) active low atthe E2ROM device pin (selecting the de-
sired device) (see (A) in Figure 6). An active low level on
WR fromthe 8085 (indicating a write cycle initiation) allows
the WRITE ENABLE latch of the interface to be clocked

X

Ag-Mis ADDRESS

X

ADDRESS

AD,-AD, *

)——W/ﬁéﬁ%’éﬁﬁﬁm DATA IN
(17,

ALE / \

—

RD/INTA

Figure 7a. 8085 Read Timing Summary

«\

Ag-Ms5 X

ADDRESS

X

ADy-AD; x

ADDRESS

DATA OUT

X

—

Figure 7b. 8085 Write Timing Summary
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by the nextfalling edge of the 8085 clock output (CLK) (see

. Addresses, data, and control inputs to the latched type
E?ROM are latched in at the falling edge of WRITE
ENABLE (WE) — shown as(B)in Figure 8. For the timer
type E2ROM device, however, data is latched on the rising
edge of CHIP ENABLE (CE) — shown as (C) in Figure 8.
Note that CE is held active low for a relatively short period
of time, while WRITE ENABLE (WE) is held low for the
entire write time of the E2ROM device. Inthis manner, the
waveforms shown in Figure 3 are produced, providing
signals compatibie with both the latched and timer type
devices.

To end the write cycle, the 8085 issues a Read command
to the E?2ROM device. This read cycle enables the Write
Resetlatch whichinturnpresetsthe WRITE ENABLBatch
(shownin Figure 6). The presetto the WE latch brings WE

to V,,(See (D) in Figure 8). As indicated in Figure 8, this
read cycle does not produce valid data from the E2ROM.
Thisread cycle is used merely to terminate the write cycle.

Thelatched andtimer devices respondidentically in aread
cycle. The 8085 read cycle, shownin Figure 7a, produces
the read cycle waveforms shown in Figure 4.

Z80 Interface

A sample interface is shown for a Z80 processor (see
Figure 9). The timing diagram for write cycle waveforms at
this interface is also shown (see Figure 10). The basic
circuit is very similar to the 8085 interface, with the differ-
ences based on the fact that the Z80 has data valid at both
edges of WR (see Figure 11). This simplified timing allows
amore simpleinterface. The CLK output fromthe proces-

WRITE CYCLE WRITE CYCLE
INITIATION TERMINATION
Ag-Ats :X VALID . x VALID X

ADDR X DATA

\ L LN

wo [\ A

rl
]

¢
¥

CLK S

CLKW >

2
]

i,

\I

ha

A

™

A

we ™

twp \

“©

® ® ©

*A~A,: ADDRESS SIGNALS MULTIPLEXED WITH DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES.

FIGURE 8. Timing Diagram - 8085/E’ROM Interface
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sor is not necessary, and WR alone provides timing for the
write cycle initiation.

The operation of the circuit is otherwise very similar to the
8085 interface. After addresses are brought valid on the
address bus, they are decoded to drive SEL active low,
which drives CE active low at the E2ROM device pin (see
Figure 9, and(A) in Figure 10). At the falling edge of WR
(when this device is selected), the WE latch is clocked,
bringing WE active low (seein Figure 10). Atthistime,
the latched type device latches address, data, and control
signals, while the timer type device latches address and
control signals. At the falling edge of WR, the gating
circuitry brings CE high, latching data for the timer type
part (see @ in Figure 10). Within a normal processor
cycle, a write cycle has been initiated with timing in
accordance with the general approach of Figure 3. Even
with additional buffers which may be common in a bus

oriented system, this interface can be used with a Z80,
Z80A, or Z80B operating with no wait states at up fo 6 MHz
clock frequency. The individual system designer, of
course, mustcheck his own application to ensure satisfac-
tion of applicable setup and hold requirements in the
specific system for which the application is intended.

The termination of a write cycle is very straightforward. As
shown in the Basic Operation section (see Figure 5), a
read operation to the E2ROM terminates the write cycle,
butdoes not provide validdata. For theinterface operation
in write cycle termination, the reader should refer to Figure
10. The addresses are brought valid on the address bus,
and are decoded to drive SEL active low (see (R)in Figure
10). The gating circuitry, however, inhibits CE, and CE
remains at V,,. At the rising edge of RD, the flip-flop
receives a positive edge trigger, and clocks inthe SEL sig-

SVSTEM RESET
b p- q o
RESET WR p— o WE
z80
SELECT d CE
M1-his :ﬂ 2
R DECODER E2ROM
REFASH p—1
MREG p—>
-D
0007 | S| vog10,
Ag-A10 > Ag-A10

Figure 9. Z80/E2ROM Interface
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WRITE CYCLE
INITIATION

WRITE CYCLE
TERMINATION

i 1 i 1
Ag-At5 % VALID W x VALID X

DO—D., C " VALID
WR T \
RD =OE ‘:
= Yh / T [
CLKW L.
= \ { 5 ¥ k
( twp
s N ) N
® ©

Figure 10. Timing Diagram — E2ROM Interface (Write Cycle)

nalto presetthe WE latch. Atthis point, WE isbrought high
(see@ in Figure 10), terminating the write cycle. For the
remainder of this processor bus cycle, CE becomes valid
for ashort while. However, RDis nolonger active low, and
no valid data is read in this bus cycle. There is no problem
with t, since the write recovery time occurs during the
remaining part of this bus cycle.

Frequently, one may wish to read again fromthe device, in
order to verify data written. Thisread will be a normal read,
following the general waveforms of Figure 4. In aread op-
eration, the interface drives CE active low to select the
device, and RD enables the output from the E2ROM
device.

GeeQ Technology, Incorporated
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Figure 11. Z80 Read and Write Cycle
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EEWRZ80.1

LOC OBJ CODE M STMT SOURCE STATEMENT ASM 5.9
175
176 e e ettt b b
177 ; 280 EEROM Write routine.
178 ;  Incorporates auto-erase and timing
179 ; in software.
180 ; Accepts: address to be written: Reg DE
181 ; Data to be written: Reg B
182 ; Uses: A, B, D, E Destroys: A
183 P e e e e
184
009B 3EFF 185 EEWR: LD A,OFFH ; FF for erasure.
009D 12 186 LD (DE), A ; BEGIN ERASE
009E CDAEOQO 187 CALL WaitTwp
00A1 1A 188 LD A, (DE) ; END ERASE
189
00A2 78 190 LD A,B ; Data to be written
00A3 12 191 LD (DE), A ; BEGIN WRITE
00A4 CDAEOO 192 CALL WaitTwp
00A7 1A 193 LD A, (DE) ; Read to end Write
00A8 1A 194 LD A, (DE) ; Read to Verify
00A9 BS8 195 CP B ; Check Verification
00AA C2C800 196 JP Nz, ERR1
00AD C9 197 RET
198
199
200 T m e
201 ; Wait routine for EEROM Byte/ Erase
202 ; Uses: Registers A, B, C
203 ; Destroys: A, C
204 e e LS LD P
OOAE 78 205 WaitTwp:LD A, B
206 ; Store B reg in TMP1
00AF 3202C0 201 LD (TMP1), A
208
209 ; Set timing constant for Twp.
210 ; This 16-bit constant is loaded
211 ; 1into Registers BC, and depends
212 ; on the speed of the CPU clock.
00B2 3E07 213 LD A, 07
00B4 47 214 LD B, A
00B5 3E06 215 LD A, 06
00B7 4F 216 LD C, A
217
218 ;7 The following loop performs the wait,
219 ; by decrementing BC until the 16-bit
220 ; number contained in BC equals zero.
221
00B8 3E00 222 LD A, OOH
00BA OB 223 More: DEC BC
00BB B8 224 cp B éa
00BC C2BA00 225 JP NZ, More =
00BF B9 226 ce C e
00CO C2BA09 2217 Jp NZ, More a
00C3 3A02C0 228 DUN: LD A, (TMP1l) ; Restore B Reg a
00C6 47 229 LD B, A <
00C7 C9 230 RET

Figure 12. Z80 E2ROM Erase/Write Routine
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8088 Interface

An example interface is shown between an 8088 (operat-
ing in minimum mode) and a 16K E2ROM (see Figure 14).
The reader may note that this is almost identical to the
8085 E2ROM interface (see Figure 6), with only minor dif-
ferences. First,the NOR gates used cannot be a standard
TTL or LSTTL device, but must be a CMOS or other high
impedance input, so thatthe CLK signal is notloaded. The
CLK signal, as output by the 8284, is used as the clock
input to the 8088. The V,,, level on this signal can fall
below specification as a result of a TTL load. A CMOS
NOR package, such as a 74CO2 or similar device, elimi-

nates this problem. Since the 74LS74 operates from
bussed control and data lines, its requirements are not so
stringent, and a 74L.S74 will work fine in most applications.

The operation of this circuitis almostidentical to the opera-
tion of the 8085 interface, as a comparison of the timing
diagrams will show (see Figures 7b and 15). Because
these processors share similar bus timing, the signals
differ only in magnitudes of setup and hold times. All
required setup and hold times should be confirmed to the
satisfaction of the system designer.

10/M, S50
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Ag -Ats
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Ag —A {5 (FLOAT DURING INTA)
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~
-
ADg—-AD7 x ADg—-AD7 X DATA OUT X
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Figure 13. 8088/8086 Bus Timing — Minimum Mode
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Figure 15. Timing Diagram - 8088/8086 E’ROM Interface

8086 Interface

A sample E2ROM interface shown for the 8086 (see Figure
16) compares very closely in layout and operation to that
for the 8088 (see Figure 14). The 8086 interface accounts
for the 16-bit 8086 data bus by latching both bytes of
address and implementing a pair of devices to read and
write an entire word at a time. E2ROM interface control
signals are identical to those for the 8088 interface (see
Figure 15).

Conclusion

The development in E2ROM memory is continuing at an
ever increasing pace. Recent strides in E2ROM cost re-

duction, access time, and availability have made nonvola-
tile, memory suitable for more applications than ever
before. ltis the purpose of this application note to contrib-
ute to this evolution in semiconductor memory by assisting
the system designer in the task of E2EROMimplementation.
Armed with basic hardware and software examples of
working E2ROM applications, the designer can more
easily complete a feasible E2ROM design, using the flex-
ible, cost-effective devices currently offered.

GeeQ Technology, Incorporated
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Software Downline Load Using
SEEQ’s CMOS EEPROMS

Introduction

Non-volatile semiconductor memories have been com-
mercially available for some time but these early devices
required multiple power supplies, high voltages and were
slow in programming. The RAM-like nature of the new
Electrically Erasable Read Only Memory (EEPROM)
greatly simplifies their use in all areas of microprocessor
based design. The elimination of complex timing and
voltage requirements makes it attractive to the designer to
incorporate in a design an EEPROM such as SEEQ's
28C64 or 28C256. These EEPROMs are self-supporting
and as simple to use as a static random access memory.
In addition, because of internal control over the write
cycle, they can plug into the standard socket of the 8K by
8 bit and 32K by 8 bit static RAM.

These EEPROMs are true non-volatile memories. Non-
volatility is provided in the same way as EPROM. Unlike
EPROM they can be written to without prior ultra violet
light erasure. The bytewrite requirements are identical to
that of static RAM except that the EEPROM write cycle,
once initiated by normal static RAM timing takes as long
as 10ms. Once a write operation begins, the EEPROM is
self supporting freeing the processor and all external
circuitry for other tasks. This is accomplished through
latches, as internal self-timing circuit and wave shaping
circuitry. Italso generates all necessary high-voltage pro-
gramming pulses. These features fit well in a RAM envi-
ronment where 5 volts is the only voltage level available.
The read timing cycle of the EEPROM is identical to that
of a standard EPROM, RAM or ROM.

The early EEPROMs had small storage capability. For
this reason, they were not seriously considered as main
program storage medium. Therefore, most of the initial
EEPROM applications used the EEPROM for limited data
storage, such as calibration parameters and system
configuration. The use of the EEPROM for main program
storage was obviously reserved for those who could
affordthe cost and the board space required. The availa-
bility of the 28C256 EEPROM along with the reduction in
cost of lower density devices has created new interest
among design engineers. The EEPROM is now consid-
ered a cost effective approach to non-volatile main pro-
gram storage, either by itself orin combination with ROMs

and EPROMSs. It will operate with the signals normally
applied to a RAM, with the only restriction being the worst-
case delay of 10ms after starting a write cycle before
accessing data.

Device Operation

The internal circuitry of the 28C64 and 28C256 EEPROM
does notwrite entered data bytes immediately to the array
of memory cells. The bytes first accumulate in a 64 byte
page buffer and subsequently transfer to a specific“page”
of the array in an independently timed manner. As a
result, up to 64 bytes can be written within one 10 ms write
cycle to the EEPROM array.

Each byte canbe written to any location withinthe address
space boundary of the currently active page. Because the
device ignores the row address input after the first byte
write, an attempt to load data bytes beyond this boundary
will not affect data elsewhere in the EEPROM array, but
will cause the data to be written to the page buffer at a
location determined by the lower 6 bits of the address
bytes. The procedure to transfer a data byte from the bus
to the EEPROM array consists of three steps: the load
cycle, the write cycle and the optional data polling.

The load cycle

The load cycle is basically a byte-load window (t; )
during which a data byte can be entered into a 64 byte
page buffer before the write cycle starts. If an additional
databyte is entered within the byte-load window the initial
window timer is retriggered and the internal write cycle is
prevented fromcommencing. Takingin considerationthe
t,.» min and t, - min specifications, it will require only 22.4
s to enter a string of 64 bytes into the page buffer. The
latest high to low transition of either the Chip Enable signal
(CE) or Write Enable signal (WE) latches the address bits
into the address latches. It also resets the internal page
load timer. In order to ensure proper latching and write
cycle initiation the WE and the CE signals must meet twp
min. Upon the earliest low to high transition of either CE
or WE the EEPROM latches the data byte, places itinthe
page buffer and starts the internal page load timer t,, .
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The write cycle

If no data byte has been loaded within the byte-load
window the EEPROM terminates its load cycle and initi-
ates its write cycle. During this write cycle, which takes
maximum 10 ms, additional load attempts are ignored.
The EEPROM, during these 10 ms, is noton the bus and
requires no processor service.

The timing diagram on the 28C64 and 28C256 data sheet
shows thatitcan complete abyte load cycle within 170 ns.

ie. (tg+typ+1,)=20+150 +0 =170 ns.

The remaining 9.99983 ms of the 10 ms write cycle canbe
used to execute other system tasks. The write cycle is
illustrated in Figure 1.

DATA polling

During the write cycle, the data bus of the EEPROM
exhibits high impedance. The write cycle ends when the
internal operations are completed, at which time the
EEPROM is immediately available for access. A read
command will then present true data at the output port.
The maximum write cycle time is 10 ms, but typically it
takes less time. The 28C64 and 28C256 have a built-in
software feature to take advantage of this shorter write
cycle.

When the EEPROM, while still in its write cycle, is read
anywhere in its address space, the software feature will
present at the EEPROM data bus the ones-complement
of the data byte at the last address loaded. For example,
data byte 10001101 is read as 01110010. With this
teature the end of the write cycle canbe detected and data
loading can immediately be resumed. As a result the
processor waiting time is reduced. This polling procedure
is illustrated in Figure 2.

Design Considerations

The page mode feature can reduce the overall write-time
by a factor equal to the page size. Unfortunately, page
sizes as well as timing specifications for EEPROMs vary
significantly among manufacturers and may not always
match the timing requirements of a particular processor.
For instance, a tight byte-load window specification, i.e.
tc minto t, . max, might not take full advantage of the
page load feature. Consequently, the maximum possible
data transfer rate is not obtained. To illustrate this, the
specifications of the most significant EEPROM parame-
tars, as given by different manufacturers, are shown in
Figure 3. The byte-load window specification ofthe SEEQ
28C64 and 28C256 EEPROMs accommodates a large
number of processors.

Software examples

Processors with MOVE STRING or LOOP/ REPEAT in-
structions might be able to load a group of data bytes
faster than the EEPROM allows. 1In that case the data
transfer rate of the processor is in conflict with the mini-
mum byte-load-time specification of that EEPROM. The
solution to this problem is to emulate the MOVE STRING
instruction in assembly code. This approach might cause
conflict with the maximum byte-load-time specification.

Example 1, the t, . min specification

The MOVE BLOCK instruction of the 8086 processor
moves data bytes so rapidly that it conflicts with the t; .
min of the EEPROM specification from several manufac-
turers. The following code instructions illustrate this.

DESTADD EQU
SRADD EQU

ES:BYTE PTR [DI]
DS:BYTE PTR [S]]

______________ code instructions to
______________ cause registers 1o point
______________ to EEPROM address and
______________ data source address.

MOV CX, NDLOAD
REP MOVS DESTADD, SRSADD

: load page size
; do page load tili CX=0

RET

The REP MOVS DESTADD, SRSADD instructicn re-
quires 9 clock periods to initiate the byte-move process
and 17 clock periods to move each consecutive byte.
Consequently, the 8086 driven by a 6 MHz clock can
move abytein2.83 us. Thisisin conflict with the minimum
value for the t,, . specification of the 64K EEPROM made
by manufacturers #1,#2, #3 and #4.

Any solution to this problem would reduce the data
transfer rate. SEEQ EEPROMSs are much faster and, as
the table belowillustrates, accommodate these datarates
easily.

PROCESSOR | CLOCK RATE DATA RATE
80186 8 MHz 1.0 ys/byte
80286 8 MHz 0.5 ps/byte

Example 2, the t, . max specification

Since the 8051 processor does not have BLOCK MOVE
instructions it must emulate a BLOCK MOVE with 13
instructions, each requiring 24 clock periods.
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Specification Comparison Table for

64K EEPROM
MANUFACTURER toc MIN. tyc MAX. tow MIN. PAGE SIZE
SEEQ* 200 ns 200 us infinite 64 bytes
#1 3us 20 us 150 us max. 16 bytes
#2 3us 100 us infinite 32 bytes
#3 30 us 100 us infinite 32 bytes
#4 100 us 500 us infinite 32 bytes
Specification Comparison Table for
256K EEPROM
MANUFACTURER t, o MIN. 1, MAX. 1,., MIN. PAGE SIZE
SEEQ* 200 ns 200 us infinite 64 bytes
#1 2us 100 us infinite 64 bytes

*Times are shown for military temperature range devices.

Figure 3.

At a clock cycle rate of 12 MHz the data rate is 26 ps per
byte. This conflicts with the t, . max specification of
manufacturer #1. Other examples, which violate the
specification of manufacturer #1 are shown in the table
below.

PROCESSOR | CLOCK RATE DATA RATE
6805 4 MHz 20 ps/byte
6801 4 MHz 36 ps/byte

Example 3, the t,,,, max specification

EEPROMS from some manufacturers require that all
bytes be loaded into the page within a specified maximum
time (t,,,). For example, if a processor has a data load
rate of 10 ps per byte then this value complies with the t,, .
specifications of an EEPROM from manufacturer #1. The
t..w specification of the same EEPROM is 150 ps and
therefore, the processor can only load 150/10=15 bytes
before the write cycle starts. As a result, the page buffer
capacity is notfully utilized, and it takes longer to program
the EEPROM.

SEEQdoes not specify alimitfort, . The total page-load
window time is infinitely long assuming the time between
byte loads mests t, . max.

EEPROM Download

The cost of updating software contained in ROM or
EPROM in the field is very high. EEPROMSs allow the
system software to be changed remotely, either through
aterminal or amodemlinkto amaincomputer. Therefore,
the key advantage of the EEPROM is reduced service
cost for it allows update of software contained in non-
volatile memory, without removing the memory device
from the system. These remote software updates are
very attractive for updating system software, self-calibra-
tion or changing the system configuration or capabilities.
Data load rates in excess of 50,000 bits/sec are possible
using the page mode feature of SEEQ’s 28C256 and
28C64.

EEPROM and resident PROM configuration

In the case of an EEPROM and processor resident
bootstrap PROM combination, the actual download rou-
tine resides in the PROM as shown in Figure 4. The
processor can now fetch instructions from the PROM
during the EEPROM write cycle.

All EEPROM configuration

if only EEPROM is used for the program storage and the
code to be modified is on a different EEPROM than the
one fromwhich the processoris executing then a situation

seeQ Technology, Incorporated
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Figure 7.
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similar to figure 4 exists. A more general approach which
allows any EEPROM in the system to be written is the
EEPROM and RAM configuration.

EEPROM and RAM configuration

In the case of the EEPROM and RAM configuration, the
following approach isrequired. The procedure starts with
the memory contents as shown in Figure 5.

Inthe first step both the download routine and the system
program are stored in EEPROM. Once the system is
instructed that the new version of the program is to be
downloaded, the system copies the download routine
from EEPROM to the RAM. At this point, the memory
contents are as shown in Figure 6.

The processor then jumps to the RAM and executes the
download routine and loads the new main programinthe
EEPROM. Next, the processor jumps to the new main
program in EEPROM to continue its normal task, leaving
the RAM available for other services. Figure 7 shows the
final contents of the memory devices.

Applications

EEPROM is the preferred memory device when variable
data storage is required. There arethree important char-
acteristics associated with EEPROM

1. Data contained within the EEPROM is retained
when power is removed.

2. The EEPROM can store sufficient data to accom
modate large lookup tables or computer programs.

3. Datainthe EEPROM is easily aiterable, remotely
or locally.

The list below illustrates that EEPROM applications are
as various as they are numerous.

Data lookup tables.

Smart cards

Electronic toys

Terminal configuration (baud rate, data format,
parity)

Measurement instruments
Digital positioning machinery
Boot-up storage

Calibration data

Traffic control equipment
Telemetry

Navigational reference system
Music synthesizers

Signal synthesizers

Radio and TV program control
Disc Drive Servo

Robotics

Data encryption
Self-modifying code.

seeQ Technology, Incorporated
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Power-Up/Down with
SEEQ’s EEPROM

Introduction

Electrically Erasable programmable Read-Only Memories
(E2ROMSs) are semiconductor devices offering high-den-
sity non-volatile random-access data storage. Aread op-
eration with E2 devices as similar to that for an EPROM or
static RAM. The write operation, however, requires a
millisecond or longer. Previous generations of EZEROMs
required high-voltage wave-shaped pulses during a write
operation. With such strict requirements for the write
control signal, the typical E2 system designer was careful
to ensure the correct level of this signal under all condi-
tions, including power-related situations when the system
is turned off or on. Only recently has the convenience of
E2ROM been available in devices which can be written
with simple TTL-compatible signals. SEEQ offers such
devices in several densities.

With the advent of five-volt EZEROMSs, non-volatile memory
has shown far greater flexibility and ease of implementa-
tion. The ease of use allowed by TTL interfaces cannot
release the designer from the normal constraint of ensur-
ing reliable operation during power on/off situations. What
signals should the interface devices provide when the
system is turned off or on (or otherwise loses power)?
Under conditions of extreme or repeated brownouts?
During times such as these, when V.. may be outside of
specified limits for correct operation of support logic, this
support logic can supply signals to the E2ROM which ini-
tiate an undesired write cycle. This causes aninadvertent
write to alocationinthe EZROM. Inorder to ensure system
reliability in such situations, it is very important to ensure
that inputs (during power up/down conditions) from sup-
portdevices do not cause inadvertent writes to an E2ROM
device. A certain amount of the required protection is

included on-board the E2ROMs, and is described below.
At the system designer’s option, system reliability may be
enhanced by absolute prevention of false writes.

The purpose of this application note is to provide the
system designer with a simple method by which to prevent
false writes during power-up and power-down situations.
A simple circuit is shown (see Figure 1), its operation is
explained, and some useful design considerations are
outlined.

T +5V

Pz [—/w»
AN
rd

Ry

Wy

oUTPUT

Ry §

D4 =

R, = 63.4KQ (1% Metal Film)

R, = 71.5KQ (1% Metal Film)

R, = 51 KQ

R, = 1.5MQ (1% Metal Film)

R, = 10KQ

D, = LT1004-25

Figure 1. E2ROM Write-Protection Circuit
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The ideas and designs presented in this note are meant to
serve as a starting point for the designer, to assist him in
accomplishing his goal. The solution given, however, is
not the only approach. There are many ways to ensure
desired signals to the E2ROM during power up/down
conditions. The designer is encouraged to tailor his
solution to the specified requirements of his application.

Using E2 ROM’s Built-in Protection

In SEEQ’'s E2ROMs, protection against false writes has
been simplified by 3 built-in protection mechanisms onthe
chip. This protection logic (transparent to the user) does
not make writing any less convenient. Table 1 shows the
conditions which are required in order to guarantee initia-
tion of a write cycle V., must be within specified limits, CE
must be active low, and OE mustbe V,, T (50 ns) before
the falling edge of WE. Due to E2ROM's protection logic,
under certain other conditions, there are modes in which
writing is inhibited (see Table 2). First, if V... is less than
3.0 V, writing is prevented, regardless of the other input
signals. Second, OUTPUT ENABLE (OE) at V,_(satisfy-
ing T) inhibits writing. Third, in order to inhibit a write
cycle, WE or CEcanbe held at V..

Several failure modes are prevented by protection logic
described above. For example, if V. comes up with WE

Table 1. Conditions Required to Guarantee
Write-Cycle Initiation in E2ROMs

All
WE CE OE Vee Other
Pins
Vi Viu 45-55V X
Notes:

1. Active levels shown in above table require T, set-up time of
50 ns (see E2ROMs data sheet).
2. X =TTL Don't Care.

already low, this will be interpreted as a continuous low on
WE and will not initiate a write cycle, because a falling
edge on WE is required AFTER V. rises. Inadvertent
writes are prevented when V. is less than 3.0 V (see
Table 2); all that is left to external circuitry is write-
protection for V. between levels of 3.0 V (the lowest V. .
level at which the device can write) and the V. level at
which the support logic issues valid signals.

External Write-Protection Circuitry

With the protection logic on board the E2ROMs, the part
can be protected against inadvertent writes in any of
several ways. The system designer can ensure that CE is
high during power-up and power-down. Atternately, one
can ensure that WE never has afalling edge during power-
up or power-down. For example, one could ensure that
WE stays at V, on power-up until a latch isreset, releasing
a pull-down. This would ensure write prevention.

Another manner of write protection has been to bring OE
low during power-up and power-down. Thisinhibits writing
(see Table 2), often allows the simplest realization, and is
the general path chosen in this application note. Yet the
timing and levels of signals provided must be scrutinized
here, as well.

Merely inserting a pull-up on OE will tend to pull OE down
when V. is low, but may not force a valid V,_level.
Inserting a low forward voltage drop diode between the
system-wide RESET signal and the EZROM's OE signal
may work, but depends on the timing of V. and RESET.

The specific form of protection against inadvertent write
cycles chosen for this application note, one with more
certainly of protecting againstinadvertent writes, isto force
either OE low (V, ) or CE High (V,,) during power-up and
power-down. Figure 1 shows a circuit that can be used to
fulfill this requirement.

Table 2. Conditions Required to Inhibit Write-Cycle Initiation in E2ROMs

WE CE OE Ve All Other Pins
Inhibition Mode 1 Viu X X X X
Inhibition Mode 2 X Viu X X X
Inhibition Mode 3 X X Vi X X
Inhibition Mode 4 X X X Under3.0V X
Notes:

1. Active levels shown in above table require T set-up time of 50 ns (see E2ROMs data sheet).

2. X =TTL Don't Care.
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The circuit shown in Figure 1 provides a proper output
signal (comparator's output) to prevent false write. During
power-up, asis shown in Figure 2A, the output of the com-
parator is kept low from the time that V. is 2.5 V until it
reaches 4.8 volts. The output switches to V,,, when V.,
goes above 4.8 volts. During power-down, however asis
shown in Figure 2B, the comparator’s output is forced low
as soon as V. falls below 4.6 V and is kept low until V..
goes below 2.5 volts. Circuit functionality is not guaran-
teed below this point.

To prevent inadvertent writes, either OE or CE pin can be
used. The first method is by forcing and keeping OE fow
(V,) when V.. is below 4.5 volts. This canbe done, asis
shown in figure 3A, by connecting comparator's output di-
rectlyto E*ROM'sOE pin. Assoonas V. falls below 4.6V,
the OE is forced low preventing any internal write initiation.
This pin is kept low (valid) until V... goes below 2.5 volts.
Internal protection circuitry protects the part beyond this
point (activated when V. falls below 3.0 V).

The second method of protecting the part againstinadver-
tent write is by forcing and keeping CE high when V. is
below 4.5 and above 2.5 volts. This can be done, as is
shown in Figure 3B, by NAND gating (74HCT00) the com-
parator’s output with a CS signal. The output of the NAND
gate, which is connected to E2ROM's TE pin, is controlled
by the CS input when V... is above 4.6 volts. The other
input controls NAND gate's output when V., is below 4.6
V (above 2.5V). Keep in mind that the CS line must be a
hightrue signal andthe NAND gate should be a high speed
CMOS device.

Either method described above can be used for protection
against inadvertent writes. System designers have to
determine their need first and based upon that, select one
of the above circuits or one of their own.

Circuit Operation

The circuit shown in Figure 1 is designed to provide a high
(V,4) output (comparator's output) when V. is above 4.8
volts and a low (V, ) output when V falls below 4.6 V
(above 2.5 V). Thisis done by using acomparator (LM193
available from National Semiconductor), a temperature
compensated voltage reference device (LT1004MH-2.5
available from Linear Technology) and a few resistors.
The circuit has been designed to operate over military
temperature range. )

As it can be seen in Figure 1, the negative input of the
comparator is connected to ground through atemperature
compensated voltage reference device (D,) and to V.
through a resistor (R,). As fong as V. is below 2.5 V, D,
is notconducting (no current flow through it). However, as
soon as V.. goes above 2.5 V and stays there, D,
conducts providing a 2.5 V reference voltage at the nega-
tive input (no current flow into negative input). The resister
(R,) is used to limit the amount of current through D, .

|
- T
) I
| |
* T /g
T T
|

Figure 2A. Timing Diagram-—Power-Up Using

Either CE or OE Protection
4.6V I
| |
! [
| |
Vee 25V
[ [
| |
o W |/777‘
| |
I |
- L R
I |

Figure 2B. Timing Diagram—Power-Down
Using Either CE or OE Protection
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The positive input on the other hand is, connected to a
voltage divider (R, & R,) as well as the output (through R,).
The voltage at this input forces the output to go either high
(V,,) or low (V, ). When V. is below 4.6 V, the voltage
divider causes thisinput to be below reference voltage with
respect to ground forcing the output low. On the other
hand, when V.. goes above 4.8 V, the positive input
voltage goes above reference voltage forcing the output
high. The output stays high as long as V., is above 4.8
volts. The feedback resister (R,) is used to enforce output
voltage on the positive input while R, is used as a pull-up
resister. Proper device selection, as is recommended in
this Application Note, can insure correct operation of the
circuit over military temperature range.

System Consideration

As was mentioned above, correct circuit operation re-
quires proper device selection. The comparator and
temperature compensated voltage reference device (D,)
selections are critical. You have to be sure that D, provides
2.5 V drop across allowing half a volt safety margin
between external protection circuit and the internal one
(3.0 V internal power protection). It is suggested to use
devices recommended in this Application Note. Other
circuit elements that caninfluence circuit operation are the
resistors. For correctoperation overtemperature, itisrec-

ommended to use 1% metal film resistor for R,, R, and R,.
The other two can be carbon film resistors.

If CE pin is used for protection, the comparator's output
must be NAND gated with a CS signal. Proper gate output
is guaranteed if a high speed CMOS gate is used. Also,
designers haveto make sure thatthe CSinputis a hightrue
signal. However, no NAND gate is needed if OE pinis used
to protect the part against false write. Comparator's output
can be connected to OE (through R;). A choice of values
for Ry Resistor depends on OE driver (RD line). The RS
resistor is used toinsure a low OE input when V. . is below
4.6 V (comparator's output is low). if open collector driver
is used, the pull-up resistor can replace R,.

Conclusion

It has always been important for a system designer to
ensure reliability as his system is turned off and on.
Currently, the importance of this area of designis increas-
ing. As the usage of five-volt EZROMs increases, applica-
tions are expanding into environments where V. may be
undependable, power glitches may exist, and in general a
system must be more fault-tolerant. With the circuit
contained in this application note, the designer can more
easily ensure that his system meets applicable specifica-
tions and is able to utilize the convenience of E2ROMs.

GeeQ Technology, Incorporaied

8-77

TO E2ROM 's

n
w
-
(o]
p=4
o
a.
<




8-78



Memory Products
Application Note

U7

POWER FAIL PROTECTION
WITH SEEQ’S CMOS
EEPROMS

October 1987

Technology , Incorporated



Power Fail Protection With SEEQ’s
CMOS EEPROMS

Since 1982, SEEQ Technology Inc. has been producing
EEPROMs that can be programmed in-circuit using only a
5 volt supply. All of the high voltages necessary for pro-
gramming are generated by an on-chip charge pump.
Therefore, the external signals required to initiate a write
needonly be at TTL levels. Unfortunately, these external
signals can do unpredictable things during power-up or
power-down. If during these power transitions (or during
a brown-out), the signals needed to initiate a write to the
EEPROM are generated, the system’s non-volatile mem-
ory may be corrupted.

Several methods of insuring the integrity of a system's
data have been proposed, and these methods are often
referred to as “write protection”. The two major classifica-
tions of write-protection are “software write-protection”
and “hardware write-protection”.

SOFTWARE WRITE-PROTECTION

Software write-protection involves the use of decoders
and latches which need to be written to by the system
processor in a specific manner. This “unlock code" se-
quence must be executed before the EEPROM's control
signals can become valid, allowing a write into the
EEPROM. These latches and decoders can be on the
EEPROM die itself or part of the external circuitry.

The idea is that during power-ups and power-downs the
chances of the proper sequence of signals needed to
program the EE being generated randomly are very slim.
While this is true, there are some limitations to this tech-
nique which need to be discussed:

1. Since the unlock code used must be resident some-
where in the system’s software, a “runaway” proces-
sor could easily execute the unlock sequence, caus-
ingfalse writes. The only way to preventthisfrom hap-
pening during power-up or power-downis by generat-
ing a system reset signal via a low voltage detector.
How to prevent this during “normal” processor opera-
tions is beyond the scope of this article.

What happens if power fails after the system has exe-
cuted a legitimate unlock sequence to perform a de-
sired write? In this case, the EEPROM is vulnerable
to false writes on power down unless some form of low
voltage detector disables the EEPROM.

3. If powerfails duringthe EEPROM's internal program-
ming cycle (while new data is actually being written

into the memory array), data may be corrupted.

Obviously, software write-protection has some limitations
which can only be overcome through the use of external
hardware.

HARDWARE WRITE-PROTECTION

Hardware write-protectionis just that; the use of hardware
to eliminate false writes. Much of this circuitry is contained
onboard the EEPROM itself. Absolute protection against
false writes is thus accomplished with the addition of some
external hardware (which we have seen is needed even if
software write-protectionis used). An additional benefit of
hardware write-protectis that it is totally transparent to the
system’s software designer.

For these reasons, the remainder of this article will
address the various aspects of hardware protection.

SEEQ’S ON-CHIP WRITE-PROTECT
CIRCUITRY

A. Bandgap Reference Voltage

Internal to all of SEEQ's CMOS EEPROMS is a bandgap
voltage level detector. This detector disables the
EEPROM whenever V. is below the WRITE INHIBIT
VOLTAGE, V,,,. Characterization data (see figure 1) has
shown V,,, to be between 3.85 volts and 4.25 volts over the
entire military temperature range. When V. isbelow V,,

two things will be true:

1. Theinternal charge pump is disabled, preventing the
high voltages which are necessary for programming
the EEPROM from being generated. It is impossible
for any data to be altered when the charge pump is
disabled.

The EEPROM's internal oscillator is disabled, forcing
the device into a low-power standby mode. This
feature results in an orderly shutdown of the device
when the system’s power fails or is turned off. Also,
this feature will save power in an all CMOS system
where a low V. standby mode is used.

seeQ Technology, Incorporated
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Since SEEQ's EEPROMs are guaranteed to be disabled
when V. is below 3.85 volts, but TTL signals are only valid
when V. is above 4.5 volts, some external circuitry must
disable the EEPROM (and probably hold the system in
reset) while V. is between 3.85 volts and 4.5 volts. Ina
CMOS system, logic signals are valid with V. as low as
3.0 volts, which is well below the V,, threshold of the
EEPROM. It would seem then that an external voltage
detector might not be needed ina CMOS system. We will
see that this assumption may not be valid.

On power-up, this assumption would be valid because the
EEPROM would be idle and disabled until well after the
system's bus had settled down into valid logic levels.
Unfortunately, if power is jost while the EEPROM s in the
midst of an internal programming cycle, the data being
programmed may be stored incorrectly.

Of course, with the orderly shutdown feature of SEEQ’s
EEPROMSs, and because the page address is latched into
the device upon the first falling edge of WE, only those
locations being changed when power was lost might be
corrupted. All other locations will remain unchanged.
Also, if the system processor was doing a page load on
SEEQ's EEPROMs and V. was to drop below 3.85 volts
before the T, . Timer timed out (see data sheet), then that
programming cycle would never start and no locations
would be changed.

Fortunately, there is a way to eliminate the possibility of
having the EEPROM in an internal programming cycle,
while allowing one final data store, when V. fails. Thisis
accomplished by detecting a drop in the raw DC or AC
voltage used to power the system (see Figure 2). Aslong
as C, is large enough, which isload dependent, a POWER

FAILURE IMMINENT (PFIl) signal can be generated at
ieast 10 ms before V. fails.

This PFl signal can then be used to warn the system
processor that there is time for only one more program-
ming cycle before shut-down. Up to 64 bytes of data can
be storedin one 10 ms programmingcycle andreturntoiits
standby mode before V., fails. The final store is accom-
plished, and all data is intact.

Now we must turn our attention to disabling the EEPROM
when V. is between 3.8 volts and 4.5 volts.

B. Multiple Control Pins

There are three control signals on SEEQ’'s EEPROMSs,
and each signal must be at the proper logic level for a write
cycle to begin. Therefore, writes can be inhibited if any of
the following input conditions are met:

CE WE OF V., WRITEMODE
v, X X X INHIBITED
X  V, X X INHIBITED
X A X INHIBITED
X X X BELOWYV,, INHIBITED

1.38<V,, <425

2. X - Don't Care

3. All other inputs are don't care

4. Set-up and hold times on transition are in the specnﬁc data
sheets for each part.

By using an HCMOS logic gate and a RESET signal (see
figure 2) we can force any one of the control lines to a

425

420

4.15

4.10

4.05

4.00

WRITE INHIBIT VOLTAGE

3.95

3.90

25

3.85

MINIMUM

AVERAGE

MAXIMUM

MIN, AVERAGE AND MAXIMUM Vi,

Figure 1. Write Inhibit Voltage — 28C256 and 28C64
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known state to disable the EEPROM when V., is below 4.5
volts. We could also use the RESET signal to remove
power from the device, which will accomplish the same
thing. An HCMOS gate should be used since it will-drive
the control line to either power rail even with V. as low as
3.0 volts.

Why must we have a separate RESET line? Why not use
the PFl line to disable the EEPROM? Well, that would
allow the EEPROMtimetofinish an internal programming
cycle before V. fails, but there are several problems with
this approach.

First, during power-up, the unregulated voltage could be
above threshold (enabling the EEPROM) some time be-
fore V_, has reached 4.5 volts. This could lead to false
writes. Second, if the EEPROM is disabled as soon as an
imminent power failure is detected, the system would be
unable to initiate any final programming cycles prior to
shut-down. This could lead to the loss of valuabie data.

From this, we can see that the EEPROM disable signal
must be generated from alow voltage detectoronthe V.
line. This disable signal would be the system’s normal
RESET line (see figure 2).

EXTERNAL WRITE-PROTECT
CIRCUITRY (SEE FIGURE 2)

In this circuit, the RESET signal will disable the EEPROM
and hold the uP in RESET any time V., is below 4.5 voits
{orwhatever other threshold is chosen). This will prevent

any false writes from occuring during power-up. However,
the RESET line will only prevent false writes during power-
down if the EEPROM was not already in an internal
programming cycle. If this does happen, only those bytes
which were being reprogrammed could possibly be cor-
rupted.

The PFlsignal will prevent this from happening, as well as
allowing the system enough time to save any vital data
prior to power failure. By making C_large enough (which
is load dependent), PFI will warn the P 10 ms before V.
fails. After being warned, the pP can initiate one more
programming cycle. The EEPROMwilithen have enough
time to complete its internal programming cycle before itis
disabled.

In conclusion, the possibility of false writes can be totally
eliminated if the system makes use of aRESET signal and
a PFl signal in combination with SEEQ’s on-board write-
protection circuitry.

A MONOLITHIC SOLUTION
(SEE FIGURE 3)

An alternative to using op-amps and discrete components
to produce the PFi and RESET signals can be seen in
Figure 3. This circuit makes use of a monolithic supply
voltage supervisor family from TEXAS INSTRUMENTS.
These devices are useful to detect power-up, power-
down, and brown-outs. In addition, C, can be chosen to
determine how long the RESET signals will remain active
after V., is above threshold, which guarantees proper

seeQ Technology, Incorporated
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systeminitialization on power-up. The reader should refer
to T.I's data sheet for details.

In this example, a TL7715 is used to produce PFl while a
TL7705 is used to generate the RESET signal. This
arrangement ensures that the EEPROM is disabled any-
time V. is below 4.5 volts, and the PFI warning is issued
anytime the raw DC powering the system falls below 13.2
volts. (See TL7705 and TL7715 data sheets for details).

Lets assume that:

a. power is lost abruptly

b. V. of D1 is 0.7 volts

c. The drop-out voltage of the regulator is 2.0 volts

Then we can see that the voltage across C_ must take at
least 10 msto drop from 12.5 volts to 7.0 volts at the given
load, |. (13.2-0.7=12.5and 5.0 +2.0=7.0). Since | =
C, dv/dt and dv = 5.5 volts, dt = 10ms, we have this
relationship: |, = 550 C.

In other words, if | is 550 mA, then C_ must be 1000 pF for
proper operation of the PF| protection.

CONCLUSION

Designers must be careful to avoid false writes to a
system’s EEPROM during power-up, power-down, and
brown-outs. This is especially true in CMOS systems
where “brown-outs” are often entered purposely to
achieve low V_./low power standby states.

We have seen that to completely eliminate the possibility
of false writes, the system must monitor the voltages on
both sides of the V.. regulator This is true whether
software or hardware write-protection is used.

SEEQ Technology has incorporated all of the on-chip
hardware write-protection neededto design atrouble-free
system using EEPROMS. In addition, this form of write-
protection is completely transparent to the system, making

the software interface more convenient.

e Dl
RAW DC — +5V Ve
D REGULATOR
CF
VOC I VOC
- - SENSE RESET f—»
SENSE
R . — I
RESIN  TL7715A RESET [— PFI RESIN  TL7705A RESET f—»
LI "1 " "
Cr GND 0.1 uF =cr GND
—[ T 0.1 4 FT
= Voo =
Vcc VCC
EEPROM nP
_ HC32 — —
WE . NMI — PFi
RESET )ZD— WE RESET
RESET ’

Figure 3
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As more systems designers are dropping bubbles,
EEPROM—based designs are rapidly increasing. in the
early to mid 80's, we were told bubbles would take over
mass storage designs. Surely bubbles were the design of
the future for core memories and even to replace disc
memories. As many of these dreams fade, letus consider
some of the pro’s and con's of each technology.

Common design considerations include density, power
consumption, weight, access time, data rate, and environ-
mental susceptability.

Density is certainly one issue that gets a lot of discussion.
Commonly available 4 megabit bubble packs are approxi-
mately 1.25 cubic inches for the basic block. SEEQ
Technology's 256K PLCC package has a volume of ap-
proximately .0125 cubic inches or 1% of the volume of the
bubble pack. Therefore, an equivalent 4 megabit EE
memory using 16 256Kbit devices hasless than 20% of the
volume of the bubble memory. Mounting of either device
was not taken into consideration; neither was the volume
of the required support chips. The EEPROMSs would take
more area mounted than was implied strictly with avolume
specification. Spacing between packages could increase
total volume, although the ratio between EE and bubble
would still be substantial. Additionally, the high profile of
a bubble memory device would greatly increase overall
board volume as boards cannot be spaced closer together
than the tallest component height. Decoding of a 4
megabit EEPROM array can be done with a simple one-of-

sixteen decoder such asthe 74LS154. In comparison, that
1.25 cubic inch bubble pack required a series of control-
lers, coil drivers, current drivers, etc. In the final analysis,
semiconductor EEPROM memory will occupy a fraction of
the space of bubble memories.

Access time is the time from the issuance of the valid
address or name of a file, datablock, word or byte until the
first full size segment of data is available. A full size
segment would be the first bit of a serial data stream or the
first full byte or word in a parallel data bank. Common 4
megabit bubble memories today have average random
access times on the order of 50 to 90 milliseconds. Some
of the new small size modules have average accesstimes
less than 10ms, but specify maximums above 500ms.
SEEQ Technology's 28C256 has a maximum access time
of 200 nanoseconds. Comparing the two technologies,
bubble memory’s average access time is 250,000 times
longer than the EEPROMSs worst case; the EEPROMs
could deliver 250,000 bytes of data while the bubble
memory is accessing the first bit.

Weight s one area that seldom becomes an issue in most
designs but does come up on occasion. Once again, the
comparison is not straight forward. Basic bubble memory
devices commonly have weights inthe vicinity of 75 grams
per 1 megabit device. This, of course, does not take the
weight of support circuitry into consideration. The equiva-
lent EEPROM bank of four 256K devices would have an
approximate weight of 5 grams. With the bubble memory

FIGURE 1
COMPARISON CHART
BUBBLES TO EEPROMs
BUBBLE EEPROM RATIO REMARKS
Power Consumption 5 5 101 Considerable current
would be drawn by
bubble memory
support circuitry
Access Time in microseconds 50,000 .20 250,000/1
Average Data Rate 125 32,000 1/256
(Read) K Bits/Second
Data Rate 125 800 1/6.5 4 Megabit bubble and
(Write) K Bits/Second sixteen 256K EEPROMs/
shown in fig. 3
Weight (Grams) 75 15/1
1 Megabit Volume 1.25 2 6/ Does not include
(Unit only) Cubic Inches bubble support chips
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support devices also taken into consideration, the ratio
would significantly surpass this 15 to 1 ratio.

Power consumption almost always warrants some consid-
eration, Four megabit bubbles have power supply require-
ments around 4 watts typical and greater than 5 watts
maximum. Sixteen (16) of the 256K type EEPROMs and
a one-of-sixteen decoder under worst case conditions
would draw less than 100 ma at 5 volts. Thiswould be one-
half watt or about 10 percent of the power of a bubble
memory. While the sixteen 256K's only require a single
decoding chip for support, the bubble requires numerous
support chips. This support draws power too. To get a
realistic feel for bubble power consumption, it becomes
necessary to examine then at the board level where the
host of necessary support devices are installed.

The boards considered for comparison were not expand-
able, that is to say they were fully stuffed, 4 megabit
boards. Power consumption on these boards runs be-
tween 10 and 20 watts. Additionally, there were multiple
power supplies required, not the single 5 volt supply
required by the EEPROMs.

Data rate is the speed at which the data can be continu-
ously delivered to the addressing device. In this area the
bubble is specified at maximum (burst) and average. Burst
datarates canbe fast as 200,000 bits per second. Average
data rates can be on the order of 125,000 bits per second.
Making the EE comparison, data rates are the same as
access times, and therefore 200 nanoseconds per byte (8
bits). Putting thisin perspective, after the bubble hastaken
88 milliseconds to get started (initial access time), while
the bubble is fetching 256 bytes the EEPROM could
deliver 65,536 bytes.

Data rate does not imply direction. Thisis to say that data
rate does not apply only to reads of data but also to data
writes. Forabubble memory, read and write datarates are
equal, butthe rates differwhen EEPROMs are used. Read
data rates were discussed above. Write data rates in
EEPROMs are a bit more complex. In high density
EEPROMs, byte write times and page write times are the
same. A “page”is 64 consecutive bytes of data. This page
of data can be loaded as fast as 350 nanoseconds per
byte, thus a page load would take 22.4 microseconds.
After this time, a maximum of 10 milliseconds is required
for the write cycle to complete.

The microprocessor's write data process must halt during
this 10 milliseconds until the device is again ready to load
another page and begin the 10 millisecond write sequence
again. This would imply a write data rate of 350 nanos-
econds per byte “burst-mode” with a maximum of 64 bytes
or an over all rate of 6400 bytes per second. This 6400
bytes per second rate is comprised of one hundred 10
millisecond write sequences of 64 bytes. While 6400 bytes

per second (this would be 51.2K bits per second) is about
half the speed of the bubble's write data rate it can be
improved many fold for systems using multiple EE De-
vices.

Inthe case of medium to large arrays, which would be the
case in mass storage applications, the common approach
is to decode chip selects from the high-order address
inputs (see figures 2 and 3). But positioning the chip select
decoder inthe address space immediately above the page
address inputs would allow each consecutive device to
store the next logical page.

Applying this approach to a 4 megabit array, system
addresses A, to A, would go directly to A, to A, inputs of
the EEPROMSs. For an array of 16 E? devices, requiring 4
address inputs to selectthe 16 devices, system addresses
A, - A, would go to a 4 to 16 decoder network, providing
the 16 chip selects required. System address A, would go
to address A,, system address A , to address A, continu-
ing thru system address A, to address A ,. The 10 msec
write cycle would continue independently in each device
whilethe systemwas continuingto write logically consecu-
tive pages inthe other devices. This makes the page size
1024 bytes, thus the system should stop writing and wait
for the write cycle to complete after 1024 sequential bytes
had been written.

For a 4 megabit array (sixteen 256K EEPROMSs), this
design approach would produce a data rate in write mode
of greater than 100,000 bytes per second or 61/2 times the
bubble's write data rate.

Temperature sensitivity is often a major design considera-
tion. This is very true for military, industrial and space
applications. These designs often require operation or at
least storage down to —-55 degree C and as high as 125
degree C. Bubble memories have problems at tempera-
ture extremes and often specify their minimum tempera-
ture for operation a few degrees above 0 C. This does not
comply with standard commercial grade temperature
ranges and falls far short of either military or industrial
grade temperature ranges. Similar problems exist at high
temperature. We commonly see maximum temperature
for operation between +30 degree C and +50 degree C.
Even the +50 degree C falls for short of the commercial
temperature specification of +70 degree C. Needless to
say both military and industrial temperature ranges are
completely missed. EEPROMs operate over the entire
commercial, industrial and military temperature ranges.

Clearly, EEPROMs share the intrinsic nonvolatility of
bubble memories without the disadvantages in speed,
power consumption and temperature range. Figure 1
compares the imporant attributes of the two technologies.
Complete technical information is contained in Seeq’s
28C256 datasheet.
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Using High Speed CMOS EEPROMSs with
High Performance Microprocessors.

Satisfying ever increasing demands on microprocessor
throughput can be achieved in several ways, the simplest
of which is to increase system clock frequency. However,
this technique yields higher performance only if the re-
mainder of the system s capable of operating at the higher
rate. Memory devices on the system must be able to
respond to the accelerated transfer rate to avoid insertion
of wait states. Speeding up clock rates without decreasing
access times will generally cause the microprocessor to
wait faster. The 38C16 and 38C32 high speed CMOS
EEPROMSs from SEEQ technology are designed to satisfy
the performance requirements of high performance micro-
processors.

The 38C16 and 38C32 are 2K x 8 and 4K x 8 bit CMOS
EEPROMs manufactured using SEEQ's advanced 1.25
micron CMOS process. SEEQ’s proprietary oxynitride
process and patented differential Q-Cell™ design give the
parts fast access times and high endurance. The 38C16/
32 are ideal for high speed applications requiring non-
volatility and in-system reprogrammability. Both commer-
cial and military temperature range products are available.

Device Features:
Read Operation:

38C16 and 38C32 are available in access times ranging
from 35 ns to 70 ns. The operational mode table is shown
in Table 1. Read operation for the devices is similar to any
standard memory device. Chip enable access times are
faster than address access times (see data sheet) which
canbe a significant advantage in high speed microproces-
sor designs.

Write Operation:

The write operationis similar to static RAM. Because of the
fast address and data latches, the write data latch cycle is
asfastas areadcycle. The addressislatched onthe falling
edge of CE or WE whichever occurs last and data is
latched on the rising edge of CE or WE whichever occurs
first. After the data is latched the built-in timer completes
the non-volatile write cycle within a maximum time of 5 ms.
A typical device has a write cycle time faster than the

38C16/32 OPERATIONAL MODES

MODE PIN CE OE WE 1o
Read VIL vIL V|H DOUT
Standby Vi X X HIZ
Write Vi Vi A D
Write X X Vi HI Z/D
Inhibit Vi X X HIZ

X Vi Vi HI ZD,;

Vi Vo Vi No Operation

(H1Z)
X: Any TTL Level
Table 1.

Q-Coll is a trademark of SEEQ Technology, Inc.
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maximum specified 5 ms. The 38C16/32 feature DATA
polling to enable the user to optimize write time. During the
internal write cycle, the complement of bit 7 of the data byte
written is presented at the output I/O, when a read is
performed. Once the write cycle is completed, true data is
presented at the outputs. A software ‘polling’ routine (see
fig. 1) can be used to determine write cycle completion.
The data bit 7 poliing cycle specifications are the same as
aread operation. During data polling, the addresses are a
don't care.

Write data protection:

38C16 and 38C32 provide protection against false write
during power-up/down using on chip circuitry. Writing is
prevented under any one of the following conditions:

1. When V. is below write inhibit voltage V,,,.

2. A high to low write enable transition has not occured
when V. is between V,,, and V. min.

3. WE, CE or OE are in TTL logical states other than those
specified for byte write in the mode table (Table 1).

38C16 and 38C32 feature an on-board bandgap voltage
level detector. The detector disables the EEPROM write
circuitry whenever V., falls below write inhibit voltage
V- The internal charge pump (voltage multiplier) is dis-
abled, preventing the high voltages which are necessary
for the programming cycle from being generated. It is
impossible for data corruption to occur when the charge
pump is disabled. SEEQ's EEPROMs are guaranteed to
be write disabled when V. falls below write inhibit voltage
Var Vi is between 3.8 to 4.25 V over the military tempera-
ture range.

Since present day systems employ a mixmatch of both
TTL and CMOS components, it is recommended that
external hardware write protection circuitry be used in
addition to the on-board protection circuitry just described.
This is needed to eliminates false writes when V, is
between 3.8 to 4.5 V (see Application Note 11). Absolute
protection from false writes can be thus achieved while
having the added benefit of being totally transparent to the
system software.

System Interface examples:

MIL-STD-1750A is the U.S. Air Force's instruction set for
16-bit microprocessors embedded in avionic weapon
systems. This standard is also used by the Navy, Army and
NATO. Typical 1750A applications involve real-time avi-
onic applications in systems incorporated into aircraft,

START

WRITE DATA
TO EEPROM
STORE ADDRESS,
DATA

READ
LAST WRITE
ADDRESS

DATA POLLING LOOP
OPTION: CAN PERFORM OTHER
TASKS IN LOOP

COMPARE
READ DATA

NOT EQUAL

WRITE
COMPLETE

!

EEPROM AVAILABLE
FOR ACCESS

Figure 1. Byte Write with DATAPolling.

missiles and even ships or ground vehicles. The standard
specifies the microprocessor architecture and instruction
set. Also defined are two memory addressing modes, a
standard mode of 64K-word direct addressing and an
optional expansion mode of 1-Mword direct addressing.
The latter mode is segmented into 256 blocks of 4K-words
each. The 38C16 and 38C32 offer an excellent fit for
1750A processors and give system designers/program-
mers a wider array of choices to come up with the next
generation of flexible and more powerful adaptive sys-
tems.

GeeQ Technology, Incorporated
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MDC281 MIL-STD-1750A CPU Moduie:

The McDonnell Douglas MDC281 is a certified MIL-STD-
1750A (Notice 1) 16-bit CPU consisting of three custom
CMOS/SOS LS| chips MDC17501 (Execution unit), MDC
17502 (Control unit) and MDC 17503 (interrupt unit)
mounted on and interconnected within a ceramic sub-
strate. The MDC281 CPU is designed for military avionics
applications like sensor data processing, operation and
control of weapons systems. The CPU is particularly
suitable for embedded applications requiring fess than
64K words of memory.

38C16/32 Interface:

Atypical MDC281 interface to 38C16/32 memory is shown
infig 2. 38C16-70 or 38C32-70 with a maximum address
access time of 70 ns can be used without wait states inthe
memory subsystem for a 20 MHZ MDC281. For a com-
plete description of pin assignments and signal functions
refer to the MDC281 data sheet. Each machine cycle
consists of a minimum of 5 OSC periods. The synchroni-
zation clock (SYNC) output high to low transition signals

the start of a new machine cycle and is used as the timing
reference. SYNC low indicates that address is on the AD
bus. The AD busis abidirectional multiplexed Address and
Data bus (AD,, - AD,,). This bus is shared between the
external system and the internal module resources and
hence to avoid bus contention, the AD bus must be
isolated from the external system using a bidirectional
transceiver. Data Direction signal DD is used for trans-
ceiver direction control. DD low indicates read transfer,
while highindicates a write transfer. High to Low transition
of the address strobe AS is used to latch Address into a
transparent latch during AD bus de-multiplexing.

All transfers between the module and the memory are
referenced to the AS and DS bus control signals and are
characterized by IN/OP low and MG, CD high. Control
Direction signal CD is used to control direction of the
control signal transceiver. This signal goes high toindicate
thatthe moduleis drivingthe AS, DS, M/10, RDWR and IN/
OP signals.

36C32
ADDRESS
LATCH —_—> Ay1-Ag
MDC 281 :> DATA; .o
ADgp | ADoo~ ADis ADDRESS Aqg-Ag »1 OF
ADyg :'.j WE
AS F' LE s o
TS o
N DATA D45-Dg T
0D »{DIR___ | [ l ADDRESS
> A11-Ag
aupren [T o
‘ ADDRESS > OF
CONTROLS ——-—EE > || becoper WE
E —
) b3 CE
MO
e o
RW DCREAD 4 OE
= (5=

Figure 2. MDC281 Interface to 38C16/32.
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Read Operation:

Read transfers begin with address being placed onthe AD
bus immediately following SYNC high to low transition.
This address is assured to be valid for the cycle by latching
itin atransparent latch on the high to low transition of AS.
The DD signal is high during this portion of the transfer.
RD/W indicates direction of transfer. During read (fig. 3)
the AD bus drivers are placedin a high impedance state at
the low to high transition of SYNC to give the memory
access to the bus. Next DS signal goes low and is used
by the memory systemto generate output enable (OE). DD
also goes low shortly after DS goes low and this signal
reverses the direction of the AD bus transceivers. The
memory then pulls RDY low to conclude the transfer. Read
data from the 38C16/32 is latched into the module on the
SYNC high to low transition.

Write Operation:

Write is indicated by RD/W going low (fig. 4). The address
is replaced by data when SYNC transitions from low to
high. Next, the DS signal goes low and is used by the
memory system to generate WE. Data is valid atthe low to
high transition of DS and is latched into the 38C16/32. DD
stays high for the duration of a write transfer. The memory
system pulls RDY low to conclude the transfer.

Fairchild 9450:

Fairchild 9450 is single chip solution implementing the
complete MIL-STD 1750A instruction set architecture
(ISA) and its floating point standard. It allows addressing
of up to 2M words of memory and with the addition of the
F9451 Memory managementunit (MMU), upto 16Mwords
of memory.

38C16/32 Interface:

Atypical minimal configuration 38C16/32 memory subsys-
tem interface is shown in fig. 5. The 20 MHz F9450
provides for a 90 ns memory access time without wait
states. Hence, 38C16-70 or 38C32-70 with a maximum
address access time of 70 ns can be used in the memory
subsystem. Bus cycles are aminimumof 4 or 5 stateslong.
Memory and I/O cycles are identical and the status of the
M/IO line distinguishes the two cycles. State S, is used for
bus acquisition. This state is followed by S, state. After the
start of S, state, the CPU outputs the address after a delay.
Attheendof S,, RDYA inputis sampled. If RDYA is low the

CPU staysin S, extending the address phase of the bus
cycle. Otherwise, it proceeds to states S, followed by S,

Read Operation:

STRBA signal is pulled low in state S, (fig. 6). The high to
low transition of this signal is used to latch the memory
address. The CPU then pulls STRBD output low and pre-
pares to receive read data from 38C16/32 by turning the
address/data bus around. STRBD is used to enable data
from the memory.

Write Operation:

During write cycles the CPU starts driving the bus with the
write data immediately after the address (fig. 7). STRBD
signal is activated during S,, allowing enough write data
setup time to STRBD falling edge and hold time for the
rising edge of STRBD to write data. Atthe end of S, RDYD
is sampled, and if low, state S,is continued extending the
data phase. If the signal is sampled high the write cycle is
terminated.

Software Considerations:

Examples of hardware interface of MIL-STD1750A micro-

processors to 38C16/32 have been shown. 38C16/32
have a built-intimer to control the internal non-volatile write
cycle. The parts feature an automatic erase before write.
The write cycle takes a maximum of Sms/byte. System
software has to take into account this byte write time of the
EEPROM. The system writes to the EEPROM and then
follows the write with a polling routine as shown in fig. 1 to
determine the end of the EEPROM internal write cycle. If
the system application demandsthatthe S5ms write time be
utilized usefully, the technique shown in fig. 8 can be used.
The on-board timers A or B can be used. These timers can
be used to timeout the 5ms write time of the EEPROM and
programmed tointerruptthe CPU. The CPU canthuscarry
out other tasks while the internal write cycle of the
EEPROM is in progress.

DSP Applications:

Present day DSP processors are finding a wide range of
applications like Encryption/Decryption, voice-band, pre-
cision servo control, pattern recognition, adaptive control
and intelligent filtering. Most of today's applications use
ROM or EPROM based memories to store algorithms and

seeQ Technology, Incorporated
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as aresult use is restricted to applications that utilize fixed
algorithms and co-efficients. Adaptive algorithms must
use RAM, thus forcing the processor to repeat its adaption
sequence each time power is turned on. SEEQ's high
speed CMOS EEPROMs 38C16 and 38C32 present an
excellent fit for many of today's DSP processors and open
the door for system designers and programmers.

TMS320C25:

The TMS320C25 is a high performance digital signal
processor featuring a single accumulator and a Harvard
type architecture in which program and data are imple-
mented in separate address spaces. The processor fea-
tures on-chip data RAM of 544 words, on-chip program
ROM of 4K words and supports direct addressing of up to
64K words of external program memory and 64K words of

38C32
LATCH
ADDRESS ADDRESS
A-Ag
11
1By j
1B5 A\] DATA
il —
—] LE o CE
OE
LATCH [~ | WE
Faaso DATA OUT
A 38C32
ADDRESS
_ Aqq= A
— Le oeH 11~ Ao
e DATA
LATCH 1 v E’Z_‘DO
. CE
DECODER = _
DATA IN cs OE
< P WE
[ LE O
STRBA }—¢ am .
%] —E NOTE:
STRED é e ADDRESS
LATCH L Ajg-Ag
FOR 38C16
— 4
w D P
_ READ [
- | —F
oA LE DATA 1

Figure 5. F9450 Memory Interface.
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external data memory. An on-chip serial port provides
direct communication capabilities with serial devices.

For prototyping, system expansion, external memories
may be required. The 38C16/32 can be used as program
memory and offer the ability to implement adaptive algo-
rithms because of their reprogrammability.

38C16/32 Memory Interface:

The TMS320C25 distinguishes between program mem-
ory anddata memory spacesusing PS and DSsignals. For
a detailed description of pin assignments and their func-
tions refer to the 320C25 data sheet. The crystal or
external clock source is divided internally by the 320C25 to
produce a four phase clock. All bus activity is referenced
to the four-phase clock. The interface discussed here is for
a TMS320C25 running at 40 MHz. Fig. 9 shows 38C32-35
used as program memory. The 35 ns maximum address
time of the 38C32 satisfies the memory performance
requirements of the 320C25.

External Read Cycle:

During the beginning of machine cycle (fig. 10) clock
quarter-phase1, the 320C25 begins driving the address
bus and one of the memory space select signals PSor DS
RAWis driven highto indicate aread cycle. Atthe beginning
of quarter phase2, STRB goes low to indicate valid ad-
dress. STRBis used with R/Wto state memoryread enable
signal. After decoding the address, the memory system
must set up READY during quarter-phase2. READY is
sampled by the 320C25 at the beginning of quarter-
phase3. If READY is sampled high, read data from the
memory is clocked in at the end of quarter-phase3. Ready
can be pulled high permanently, if the system components
used do notrequire wait states. Atthe beginning of quarter-
phase4 STRB is deasserted. The read cycle is terminated
with the de-activation of the address bus andPS, DS. Care
must be taken to avoid bus conflicts when a read cycle is
followed by a write cycle. The 38C32 has a 15 ns max
disable time and hence will not cause bus conflict.

External Write Cycle:

The external write cycle is similar to the read cycle de-
scribed above, with the following differences: RWis driven
low indicate an external memory write. STRB is used with
R/W to gate write enable signal. Write datais placedon the
bus at the start of quarter-phase2. STRB is deasserted at
the beginning of quarter-phase4 and the write cycle ends
with the de-activation of address bus and PS, DS. As
before, care must be taken avoid bus conflict when a write
cycle is followed by a read cycle. Since STRB is used to
enable the 38C32, potential bus conflict is avoided.

Software Considerations:

When 38C16 or 38C32 are used as program memory, the
system can take advantage of the easy reprogrammabil-
ity of these devices. Code or Program coefficients can be
easily altered to implement adaptive systems. The 38C16/
32 byte write time of 5ms max should be accommodated
by the system software (fig. 11). The on-chip timer canbe
utilized to timeout the byte write time. A timer interrupt is
generated every time the timer decrements to zero. The
period register (PRD) can be used if necessary, so that
interrupts can be programmedto occur atregularintervals.

Using the 38C16/32, remote down-load capabilities can
be provided to the system using the onchip serial port.
Object code can be downloaded into RAM at high speed
and then writteninto the EEPROMs from the RAM. Typical
DSP algorithm implementations need up to 4K words of
program space. Using the 38C16 or 38C32 only two
packages are required thus minimizing package count.

START

WRITE DATA
TO EEPROM
STORE ADDRESS,
DATA

START TIMER
TO COUNT
BYTE WRITE
TIME

- - -

WRITE DO
COMPIEED OTHER TASKS
UNTIL INTERRUPT

TIMER:

5 MS BYTE WRITE
TIME TIMEDOUT -
{GENERATE INTERRUPT,

VERIFY
FAIL

READ
EEPROM
TO VERIFY
DATA

VERIFY
PASS

REPORT
ERROR

Figure 8. EEPROM Byte Write Sequence
Using Softwre Contolled Timer.
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> DATA
D7-Dg
READY —
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Figure 9. TMS320C25 Minimal External Memeory Interface.
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Dys-Dp { oatan ) _/
RW \ / \
EXTERNAL
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Figure 10. TMS320C25 Read and Write Cycles.
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GENERATE INTERRUPT
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Figure 11. TMS320C25 Write Sequence for 38C16/32 EEPROM Write.

COMPLETE

START

MOVE FROM RAM
TO
PROGRAM SPACE

WRITE TO EEPROM:

STORE
ADDRESS
DATA

[
START TIMER

BYTE WRITE
TIME

/

DO
OTHER TASKS
UNTIL INTERRUPT

OPTION: 'IDLE' UNTIL

INTERRUPT

READ
EEPROM

VERIFY
FAIL

TO VERIFY
DATA

VERIFY
PASS

y

EEPROM
READY
FOR NEXT
ACCESS

REPORT
ERROR

' RETURN }
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Ethernet/Cheapernet Controller Design

PC/AT personal computers can be networked together
via 10 Megabit per second Ethernet/Cheapernet |IEEE
802.3 CSMA/CD protocol using the SEEQ 8003 Ethernet
Datalink Controller (EDLC®) and the SEEQ 8020 Manch-
ester Code Converter (MCC™). As the PC Bus datarate
istypically one byte per microsecond andinterruptlatency
may be hundreds of microseconds, a FIFO buffer memory
is required to capture Ethernet data frames which can
come atany time. In this application brief, the FIFO buffer
consists of an economical industry standard 8K byte static
RAM together with SEEQ EEPLD20RA10Z electrically
erasable programmable array logic devices. The EEPLD
devices provide handshake/arbitration controt logic be-
tween the FIFO, EDLC and PC Bus. Additionally, the
EEPLD devices provide the memory address decode
logic from the PC Bus. A system block diagram for the
Ethernet Controller is shown in Figure 1.

FIFO RAM Buffer

The FIFO RAM buffer is divided into four 2K byte sections
as shown in Figure 2. Incoming Ethernet data frames
range from 60 to 1514 bytes which are loaded into the
RAM at locations 0, 2048, 4096, and then back around to
0. The PC must unload these frames before the fourth
frame overwrites the first frame. More frames could, of
course, be buffered by increasing the RAM size to, say,
32K bytes. The PC is aware of the location of the frames
by keeping count of the EDLC Receive End of Frame
interrupts or by closely watching the status of incoming
frames in the EDLC Receive Status Register.

Rx Counter

The FIFO RAM address is supplied by the RX Counter
(EEPLD) during EDLC recsive data transfers. This
counter is reset to 0 on PC 10 Write Command
“ResetRxCounter”. It is incremented on EDLC RxRD
unless RxTXEOF in which case it is advanced to the next
2K boundary (0 if address greater than 4K).

Tx Counter

The FIFO RAM address is supplied by the Tx Counter
(EEPLD) during EDLC transmit data transfers. This
counter is loaded by the PC with address 8191 minus the
frame byte count. Itis incremented on EDLC TxWR. On
arriving at the terminal count, 8191, an RxTxEOF signalis
supplied to the EDLC, signaling the end of the frame.

EDLC is a registered trademark of SEEQ Technology, Inc .
MCC s a trademark of SEEQ Technology, Inc.

A
, Control/Status
(P; EEPAL
y —Pp  Control |&—P» EDLC
A logic 8003
T v
B FIFO
U RAM TP
8Kx8
S
P Data 1
MCC
8020
VL AUI
Figure 1. Ethernet Controlier System
8K x 8 RAM
addr 0000
Rx FIFO 0
addr 2047
addr 2048
Rx FIFO 1
addr 4095
addr 4096
Rx FIFO 2
addr 6143
addr 6144
Tx FIFO
addr 8191

Figure 2. FIFO RAM Partitioning

seeQ Technology, Incorporated
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The Tx Counter is used by the PC to read out Receive
frames. Simultaneously, the Rx counter may be receiving
a new frame while the current frame is being transferred
to the PC. Care must be taken in the software design to
assure thata transmitframe is completed before usingthe
Tx counter for an Rx read out. The Tx Counter is
incremented automatically when the PC IOR read signal
executes a read byte.

PC Bus Decode

EEPLD devices decode the PC Bus Address, 10 Read,
and IO Write signals to provide PC access to the EDLC
8003, FIFO RAM, Rx Counter, Tx Counter, and miscella-
neous controls such as reset, TxMode and LoopBack.

Bus Transceivers

Data bytes are transferred to and fromthe PC, FIFO RAM,
and EDLC 8003 on the Data DO..D7 bus via Transceiver
7418245 and are controlled by EEPLD signals DIR1 and
G1. Control/Status bytes are transferred to and from the
PC and EDLC 8003 on the CMMD DO..D7 bus via
Transceiver 74L.S245 and are controlled by EEPLD sig-
nals DIR2 and G2.

Attachment Unit Interface, AUI

The Ethernet Controller Design provides a physical data
link between the PC and the AUl interface. The six AUI
signals Rx+, Rx-, COLL+, COLL-, Tx+, and Tx- will drive
up to 50 meters twisted pair transmission line to another
Controller as demonstrated by this application brief or to
a Media Attachment Unit (MAU) for communication over
single wire coax Standard Ethernet cable. The addition of
atransceiver chip and electrical isolation makes possible
support of Cheapernet.

PC Implementation on Half Card

The Ethernet Controller has been implemented on an IBM
PC expansion board usingless areathan that required for
a half card. The schematic diagram for the design is
shown in Figure 9.

Designing with SEEQ EEPLD’s

The EEPAL20RA10Z devices provide the glue to hook the
EDLC, MCC, and FIFO RAM o the PC bus. The design
methodology utilizes PC based assemblers such as
PALASM®, ABEL™, CUPLT™, or MINC™ to transform
equations and simulations into JEDEC link maps and test

vectors. Inthis applicationbrief, PALASM2ischosen. The
design specifications are shown in Figure 5.

Testing the Design

Four software programs demonstrate the operation of the
Ethernet Controller design. The source language chosen
is Turbo PASCAL 4.0™ (Borland International). PC bus
operations are implemented using the PORT instructions:

PC 10 Write : Port[Address] : = Data;PC IO
Read : Data: = Portf{Address];

The software programs are illustrated in Figure 11.

RAM Test

The basic PC operations of memory address decode,
load/increment Tx Counter, Read and Write RAM are
exercised by this test. The 8192 RAM locations are
loaded with numbers 0 thru 4095 in pairs of bytes, then
read back for comparison check.

LoopBack Test

The EDLC 8003 is tested by transmitting a frame to itself
in LoopBack Mode. The frame received is compared with
the frame that was transmitted.

Continuous Transmit/Receive Test

Using two Ethernet Controllers in two PC's, random
frames are continuously transmitted from one controller to
the other and echoed back, while error status is checked
and errors are counted.

Hello Hello PC to PC Terminal Emulation

Two PCs are configured as terminals as shown in Figure
3., allowing simultaneous frames to be passed back and
forth at each operators discretion.

Hello Herbl... Hello Johnl...

...Hello Johnl AU ...Hello Herbl

L CABLE R ——e———
I === TR E
=3 3

Figure 3. PC to PC Terminal Emulation

seeQ Technology, Incorporated
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Command Register EEPAL U8

76543210

Reset EDLC

Reset Rx
Add Counter

Loopback
8020

TxMODE

Figure 4. Command Register Bit Map

Address Map
Hex  pead Write
A0.A9 (IOR) (low)
300 Station Add 0
301 Station Add 1
302 Station Add 2
303 Station Add 3 | EDLC 8003
304 Station Add 4
305 Station Add 5
306 | Rx Status | Rx Command
307 | Tx Status | Tx Command
308 Command Reg| EEPAL U3 U4
309 LD Tx A0..A7 | EEPAL U9
30A LD Tx A8..A12| EEPAL U9 U10
30B Unused
30C |RAM Read|{RAM Write RAM 8kX8

Figure 5. Address Map

GeeQ Twhnoloqy, Incorporated

Build Your Own
Ethernet/Cheapernet Controller

Using the SEEQEDLC, MCC, and EEPLDs, you can build
your own Ethernet/Cheapernet Controller. Contact your
local SEEQrepresentative for PC/XT/AT floppy disk con-
taing the EEPLD Design Specifications and the EDLC
Demonstration software as described below:

EDLC.EXE
EDLC.PAS
EEPALU3.PDS
EEPALU3.JED
EEPALU4.PDS
EEPALU4.JED
EEPALU6.PDS
EEPALU6.JED
EEPALU7.PDS
EEPALU7.JED
EEPALUS.PDS
EEPALUS.JED
EEPALU9.PDS
EEPALUS.JED
EEPALU10.PDS
EEPAL10.JED
MAKE.BAT
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Figure 6. Ethernet/CheaperNet Controller Block Diagram

IOR
A0 Do oW
- AEN
A9 D7 RESET
A A * Transceiver
45 U2
LS245 CMMD
A0 D0..D7
A9
’ Address cs
oW Decoder TXRDY
» Hand-shake
IOR,| EEPAL U38 State Machine |—1XWA
" RXRDY
<
CMMD RXRD
DO - D2 EEPAL U4
¢
Command RESET EDLC EDLC
Register ‘TxRel 8003
RESET RX
EEPAL U8
LPBAC r _l INC
y
TX Counter
EEPAL US,10
RAM
8Kx8
RxDC
A0 I ut2
Ut rin v
RX Counter P
<—
EEPAL Us6,7 t
MCC
* 8020
l AUl
n . PC Cable
ransceiver Do - D7 Ethernet
‘——’ < IEESO2'.3
15245 U1 Compatile —>
A\ 4 ¢ v

eeeQ Technology, Incorporated

8-109



Figure 7. RxRDY/RxRD Handshake Waveforms and Truth Tables.

RxRDY \ /

S / /

1 2 3 4 5 6 7 8 9 10 11

1. RxRDY INACTIVE NO RECEIVED DATA EXISTS IN THE EDLC CHIP. RxRD, RXWE, RxCSAND
RXWR ARE IN AN INACTIVE STATE.

2. THE PLD20RA10Z SAMPLES AN ACTIVE HIGH RXRDY, AT LEAST ONE RECEIVED DATA BYTE
EXISTS IN THE EDLC FIFO BUFFER. RxRD GOES ACTIVE LOW.

3. THE STATE MACHINE OUTPUTS RxWE, RxCS AND RXWR GO LOW. RxCS AND RXWR CONTROL
THE RAM INPUTS TO ENABLE AN ACTIVE WRITE CYCLE.

4. RxCS AND RXWR GO INACTIVE TO END THE RAM WRITE CYCLE.

5. RxRD AND RXWE GO INACTIVE HIGH TO COMPLETE THE HANDSHAKE CYCLE.

6. RXRDY STAYS INACTIVE LOW. ALL OUTPUTS RxRD, RxWE, RxCS AND RxWR HOLD IN AN
INACTIVE STATE.

7 - 11. IF RxRDY GOES HIGH THEN THE STATE MACHINE WILL REPEAT THE HANDSHAKE
CYCLES WRITING TO THE RAM UNTIL RxRDY GOES INACTIVE AGAIN.

TRUTH TABLE:

RXRDY RxRD RxWE RxCS

L H H H ; IDLE STATE NO HANDSHAKE ACTIVITY.
H L H H ; RxRD ACKNOWLEDGES ACTIVE RXRDY.
X L L L ; RXWE GOES LOW WITH RxCS.

X L L L ; RxCS GOES INACTIVE AFTER WRITE.

L H H H ; ONE HANDSHAKE CYCLE IS COMPLETE.

GeeQ Technology, Incorporated
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Figure 8. Design of the RxRDY/RxRD Handshake Logic:

EQUATIONS:
RxRD := RxRD* RXWE * RxCS * RxDY ; HOLDS RxRDHIGH WHEN RxRDY
IS INACTIVE.
+ RxRD * RXWE * RxCS ; TOGGLES RxRDINACTIVE AFTER
' ACTIVE CYCLE.
+ RxRD* RxWE * RxCS ; HOLDS RXRDHIGH WHEN THE PC IS
ACCESSING MEMORY.
RXWE := RxWE * RxRD * RxCS ; TOGGLES RXWE INACTIVE AFTER
ACTIVE CYCLE.
+ AXWE * RxAD* RxCS ; HOLD RXWE INACTIVE WHILE NO
RxCS RxWE RxCS RxWE
011110 00 011110 00
RxRD 1(0 |1 |0 {0 RxRD 1{1 |1 |0 |0
ojlofo|1]0 ojo{o|1]0
RxCS := RxCS * RxWE * RxRD ; TOGGLES AFTER STATE 2 IN THE
WAVEFORM DIAGRAM. PROGRAMMABLE
POLARITY IS USED ON THIS OUTPUT.
+ G2*DIR2 GOES LOW FOR PC READ CYCLES.
RxWR := RxRD * RXWE * RxRD ; RXWRGOES LOW AFTER STATE 2 IN

WAVEFORM DIAGRAM. PROGRAMMABLE
POLARITY USED ON THIS OUTPUT.

GeeQ Technology, Incorporated
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Figure 9(a). Schematic Diagram, PC Bus and Address Decode

+5V

GND

seeQ Technology, Incorporated

now
/IOR
A0
A1l
A2
+sv [1}PL 45V o
now[ Bi3 E/mow /CSRAM 3 >
LD1
/oR[B14 [G]or EEPLD o1 >
LDO
a1} [#]w0 20RA10Z \popi >
e us 10S8003
a1[ A0} 5 A1 1CS8003 >
L Add — DIR2
a2[#29] {6]e ress pire o} >
3| Az8} r7ias Decode 1 i oy
— ‘,: — DIR1
ey 8|4 oR1fi7 >
bkl | = (- J 161
As | A26] {o]as 51 ie} >
3 ol
As[ A25] {io]as NC E'GND oMMD
A7| R34 —- I11|seL 1CMMO [14] >
A8 GND [12|aND 10E [13] GND
PC 4 3
AT AEN| A1Y +sv [1]pL vee pa+sv
BUS p, I AEN SELP
EEPLD TXRET
D1 a7 20RATO %xna 2] —
D2 A8 LPBK 1} >
U3 — /EDLDRST
D3 /EDLCRSTpO } >
Address — RSTRX
D4 Do RsTAX i9] >
Decode 1 — TXMODE
D5 D1 TXMODE i8] >
WE
D6 D2 e fi7} >
/RXWR
D7 D3 mRXWR fis} >
RESET 10|RESET ICSRAM 1__5_|—
osc /CMMD now 14—
I0RDY GND [12]aND 10E [13] 6ND
RQ7
CMMD D0..D7

PC D0..D7 .
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Figure 9(b). Schematic Diagram, Tranceiver and RAM

RAM A0..A12 .
MWE
[~ vec ] +5v
—{2] at2 wepT—
3| a7 cE2 6] 45v
(] s
s o fi—
5] a¢ A1 3}
_.E A3 RAM /OE @ GND
o] oke  wof—
—{s]at U1 ce1 o] L,
—fio] 0 o7 [is}
- fijoo o0 fil—
——3) 02 04 f16}
GND fiz] ano 03 [i5}
<)
o1 DATA D0..D7 _
< —{7| o vce @ +5V »
__._Eg A2 74LS B1 18|———
——{Es 2% e
G Y s@—
A - —
[T Xceiver oo a——
L Glw el ——
Ll ol
PC D0..D7 ano [fo} ano 88 11—
.,
<2
£82 E DIR2 VCC R0| 45V
—z~ 161 s}
___E A2 74LS B1fis
——{4|a 245 wof7
—F U2 e
‘—{El as Data g, 5 ——
_____E as  Xoeiver gof—
—— 8| a7 B6fi3
sl orf——|
GND [E GND B8 E——
ICMMD D0..D7 CMMD DO..D7|
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Figure 9(c). Schematic Diagram, Tx and Rx Address Counters

Tx Counter Rx Counter
Qo0..Q12 Q0..Q12
RAM A0..A12
< " /RXRD
+sv [1 +5V EIPL vCe pa] +5v
/INCTX
——[7] E RSTRXDC QoRX p3
GND [3] {3] RxTxeOF Q1RX p2
_E Do EIRXRD Q2RX p1
____E GND [5]NC EEPLD Q3RX
__E GND [6]|NC Us CcWYo [i9
X
__E GND [7]|NC Qo Q4RX 18
- [6] —&]|mxwa "7 asRxfiz
___E GND [9|NC Q6RX [16
‘—E GND E NC Q7RX [15
—11] GND [11|NC CcWY1 [12
GND [12 GND [i2| GND 10E [13]GND
IRXWR
RxTxEOF
TxMODE "
P -
+sv [T]pL +5V W5V E L vce
[Z}meTx TXMODE 3 JIE‘ RSTRX Q8RX
GND i 3|NC RXTXEOF E RXTXEOF QoRX p2]
—{7Jor E /RXRD QtoRx ]
‘_l
= S 2ORA10Z
6] L—{6]cwyT cWY3 ]
7] m
{7]0e __E /RXWR y Qt2Rx i8]
{ J‘E /CSR cwyz i7
[o]os [S]mwa " ancx e ,
‘ 70| RxDC Pe] ] E—
il 7] Lh_j Q7RX RSTRXDC 14}
ad 1Y ind
GND [12] GND E GND 10E [i3]GND
LDo
-« TXWR
>
ICSRAM
ICE1
RSTRX
< RxDC
CMMD >
D0..D7
m—t
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Figure 9(d). Schematic Diagram, EDLC andMCC

oW
/IOR
1cSe003
A2
bi 1] a1 vec o] +5v
A0 =
% {2]#0 2
_E TXEN cs
L[4m0 /RD 7}
TXRET
< [5]mReT %%%g MWRB6
_ DATA D0..D7 —[6]RxTx00 U12 rcasto B5}——
- _E RxTxDO Cdsto E__
——{&| RxTxD2 /cdstz pa——
oLc wov [T]pL vee Ba) +5v — rcasws gz}—— CMMD DO..D7
< I3 —
< {z]/E0LCRST RXRD ——{10] RxTx04 1CdSt4 BT }ommed
—{3]mxcLk IRXWE ___E RxTXD5 1cdsts f30}—f
—E RXRDY b JRXCS __—-E RxTxD6 1Cdst6 pa]
161
< {5]me1 20RA%T£EOFD —{3] rxmx07 1cdst7 B8]
DIR1
4 E DIR1 fia] mc RxCE
SYSCLK
< ' swowk v i8] mewn RxoC 5] RS,
—{&| TxrDY hak ax {ie] xroY W~TE5 INTZ,
TXMODE ake
P [3] TxmoDE /TXWR [16] 7] rxTxeoF coLLp4]
[10] xTxeOF /RXWR [15 fe] mxro JRESET 3
GND [11]Ne IORDY [14 {iS] AxRDY CSN
AXWR GND @ GND 1OE i3] GND GND E vss RXD
RXTXEO
IORDY
GND
ALPBK
%]
w
o
(o]
z
a
a
—0] <
- 20MHz -
GND GND
AUl Cable*

»

*Note resistor termination as shown in 8020 data sheet
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Figure 10. EEPLD Design
Specification -

Address Decode 1

IE.ooichEunphdodmd Boolean

=1

T

1

>
[on)

|§|= PRl

IAATTAT

Ins

I

seeQ Technology, Incorporated

G2

TITLED
PATTERN
REVISION
AUTHOR
COMPANY
DATE

ECODE_1

U3

02

PEER RESEARCH.
PEER RESEARCH.
30TH APRIL 1988.

CHIP DECODE PAL20RA10

PINS

1 2 3 4 5 6
/PL SEL /IOR NOW A0 Al
iPINS 7 8 9 10 11 12
A2 A3 A4 A5 A6 GND
;PINS 13 14 15 16 17 18
/OE DIR1 1G2 1G1 DIR2 /CMMD
;PINS 19 20 21 22 23 24
/ICSRAM  J2 LDO LD1 /CS8003 VCC
; Address decode PAL20RA10 U3 is designed generate
H the enable inputs and direction control of
H two 7415245 bi-directional buffer circuits.
H Also, to create an I/O mapped control load input
H to the transmit counters. In addition to giving
H select inputs to the RAM buffer and 8003 EDLC
H device.
H The enable signal G2 selcts a data path to and
H from the 8003 EDLC device. Data read and write
H is controlled by the DIR2 signal. The 8003
| internal registers are selected in the /O
H mapping scheme address 0300 to 0307. The second
H 7415245 is selected in the memory map 0308 to 030F
: and enables a bi-directional path to the 8k
H byte RAM buffer store and the RXTXD0-D7 /O
H path to and from the 8003 device.
EQUATIONS
G2 = SEL*/A6*/A5*/A4*/A3*IOR JADDRESS
+ SEL'/A6*/A5*/A4*/A3*IOW 'SELECT
+ SEL'/A6"/A5*/A4*A3*/A2*|OR ;300 TO
+ SEL'/A6*/A5*/A4*A3*/A2*IOW ;30B
/DIR2 = SEL*/A6*/A5*/A4*/A3*|OR ;READ ONLY
+ SEL*/A6"/A5*/A4*A3*/A2*IOR ;300 - 30B
G1 = SEL*/A6"/A5*/A4"A3*A2*IOR ;ADDRESS
+ SEL*/A6*/A5*/A4*A3*A2*IOW 'SELECT
;30C TO
/DIRt = SEL*/A6*/A5*/A4*A3*A2*|OR 30F DIR
;READ ONLY
CS8003 = SEL'/A6'/A5'/A4'/A3*IOR SELECT
+ SEL*/A6*/A5*/A4*/A3*IOW ;8003 300
;TO 307
CMMD = SEL*/A6*/A5*/A4*A3*/A2*/A1 ;RESET EDLC
*IAO*IOW ;ADDRESS 308
CSRAM = SEL*/AG'/A5"/A4*A3*A2*/A1 ;RAM SELECT
*/A0*IOR 30C
+ SEL*/A6*/AS5*/A4*A3*A2*/A1 ;ENABLES WRITE
*/A0*IOW ;FROM PC
LDO = SEL'/A6'/A5"/A4*A3*/A2*/A1 ;LOAD DO-D6
*A0*IOW ;ADDRESS 309
LD1 = SEL*/A6*/A5*/A4*A3*/A2 ;LOAD D7, DO
*A1*/A0*IOW ;TO D4

;ADDRESS 30A

'
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SIMULATION

TRACE_ON /IOR /lOW
€s8003 LDO LD1
G1 DIR1 G2 DIR2
CMMD A0 A1 A2 A3
A4 AS A6 SEL

SETF OE /PL /IOR /IOW
/A0 /A1 /A2 /A3 /A4
/AS /A6 SEL

FORL:=0TO 1 DO

BEGIN

IFL=1THEN

BEGIN SETF A3 /A2 /A1 /A0

END

FORK:=0TO1DO

BEGIN

IF K=1THEN

BEGIN SETF A2 /A1 /A0

END

FORJ:=0TO3DO

BEGIN

IFJ = 0 THEN

BEGIN SETF /A0 /A1

END

IF J =1THEN

BEGIN SETF A0

END

IF J =2 THEN

BEGIN SETF /A0 A1

END

IFJ =3 THEN

BEGIN SETF A0

END

FOR!l:=1TO2DO

BEGIN

SETFIOR /IOW

SETF/IOR IOW

END

END

END

END

TRACE_OFF

seeQ Technology, Incorporated

"TRACE ALL
'SIGNALS

:ENABLE OUTPUT
:DISABLE PRE-
;LOAD. SET IOW
;IOR INACTIVE
;ADDRESS INPUT
;TO ZERO SEL
;ACTIVE. ADDRESS
A0 - A3 IS
INCREMENTED
;FROM 0 TO F HEX
iINLOOPS L,

K, J. IN LOOP

;1 THE IOW AND
;JOR ARE TURNED
{ON AND OFF IN
JANTIPHASE.

’
’
’
’
’
’
'
'
'
'
’
'
’
'
’
s
’
'
'
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Figure 10. EEPLD Design TITLE DECODE_2

PATTERN Us
Specification REVISION o2

AUTHOR PEER RESEARCH.
Address Decode 2 COMPANY PEER RESEARCH.

DATE 30TH APRIL 1988.

CHIP DECODE PAL20RA10
PINS 1 2 3 4 5 6

/PL /CMMD A7 A8 RESET A9
;PINS 7 8 9 10 11 12

Do D1 D2 D3 AEN GND
;PINS 13 14 15 16 17 18

/OE TXRET RSTRX TXMODE /EDLCRST /LPBK
;PINS 19 20 21 22 23 24

/RXWR /CSRAM  /IOW /WE SEL vCC

/AEN, address enable and A9, A8, A7, address
inputs from the PC bus are gated to form SEL

a chip select input to the lower order address
decoder logic PAL20RA10 PATTERN U3. /CMMD input
is a decoded signal from U3 at address location

308 which enable the data inputs DO, D1, D2

and D3. When DO and CMMD are valid the 8003
EDLC chip is reset. D1 and CMMD reset the RX
counters U6 and U7. A loop back test in the

EDLC chip is enabled when D2 and CMMD are valid
local testing of the interface is possible

when this mode is selected. D3 and CMMD enable
the EDLC device to mode 1 operation and D3 with

a valid CMMD input enable the EDLC 8003 device
to perform transimission over the interface.

A composite RAM WE signal is generated from
CSRAM and IOW or RXWR, for PC and RXCounter
access respectively.

EQUATIONS
:ACTIVE HIGH
SEL = AG"ABY/A7'/AEN ‘ADDRESS
EDLCRST - = DO ‘RESET EDLC.
EDLCRST.CLKF = ICMMD 8003 LOGIC
EDLCRST.SETF = RESET ‘PC RESET
RSTRX :=D1 ‘RESET RECIEVE
RSTRX.CLKF = /ICMMD ‘COUNTER,
RSTRX.RSTF = RESET ‘PC RESET.
LPBK := D2 ‘ENABLE
LPBK.CLKF = /CMMD 'LOOPBACK
LPBK.SETF - RESET ‘PC RESET.
TXMODE .= D3 'ENABLE EDLC
TXMODE.CLKF - /CMMD ‘FOR TRANS-
TXMODE SETF = TXRET ‘PC RESET.
WE = IOW"CSRAM ‘COMPOSITE
+ RXWR 'WRITE ENABLE
TO RAM.

seeQ Technology, Incorporated
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SIMULATION
TRACE_ON

SETF

SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
SETF
TRACE_OFF

see@ Technology, Incorporated

AEN A9 A8 A7 CMMD
DO D1 D2 D3 SEL
EDLCRST RSTRX LPBK
TXMODE /WE

IOW CSRAM RXWR
RESET TXRET

AEN /CMMD /A7 A8 Ag
/D0 /D1 /D2 /D3

/NIOW /CSRAM /RXWR
/RESET /TXRET

OE /PL

/AEN

A7

/A7 /A8

/A8 /A9

AEN

CMMD

Do

/D0 D1

/D1 D2

/D2 D3

/D3

/CMMD

CSRAM lOW

/IOW

/CSRAM

RXWR

/RXWR

TRACE ALL
INPUT/OUTPUT
'SIGNALS

TEST SEL OUTPUT

’
B
.

TEST EDLC RESET
;TEST RXRST
JOUTPUT

;TEST LOOPBACK
;SELECT

;SELECT, TXMODE

“TEST WRITE MODE
'SELECTION FOR
“THE RAM BUFFER.

s
'
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Figure 10. EEPLD Design
Specification

Handshake Logic

eeeQ Technology, Incorporated

TITLE
PATTERN
REVISION
AUTHOR
COMPANY
DATE

HANDSHAKE_LOGIC
U4

05.

PEER RESEARCH.
PEER RESEARCH.
30TH MAY 1988.

CHIP HSHAKE1 PAL20RA10

PINS

1 2 3 4 5 6
/PL 1G1 DIR1 TXRDY NC TXCLK
;PINS 7 8 9 10 11 12
RXTXEOF TXMODE RXRDY /EDLCRST NC GND
PINS 13 14 15 16 17 18
IOE RXTXEOFD /RXWE /QX IORDY NC
;PINS 19 20 21 22 23 24
ny /RXWR /RXCS /TXWR /RXRD vCceC
H Pins RXRDY and /RXRD perform the handshake operation
H between the 8003 ethernet interface and the PAL20RA10
; the RXRDY high output from the 8003 chip tells the
; PAL20RA10 that there exists, at least one, data byte
H in the internal 16 byte FIFO. when this signal goes
H high it is sampled by the rising edge of TXCLK which
H is the transmitter clock output of the 8020 Manchester
: encoder device. the internal state machine output of
H /RXRD performs the handshake response, while /RXWE and
H /RXCS cycles through a write operation. The /RXWE
H signal is not used for RAM write operations it
. is used here as an additional register to enable
: the correct sequence in the /RXRD RXRDY handshake
H state machine. it is /RXCS going active LOW that
H creates the RAM write operation.
; The TXRDY and /TXWR are the transmitter handshake
: signals. The EDLC 8003 sends a valid TXRDY signal
H when its internal 16 byte FIFO is empty. If the
: handshake operation is enabled by TXMODE then the
H process of reading data from the buffer RAM and
H writing to the 8003's fifo continues until an end
H of file (RXTXEQF) is generated by PAL20RA10 U10.
| Control of the buffer RAM is handled by RXCS and
H RXWE. RXCS is the RAM chip select signal that is
H active during write operations. It is gated with
H two other signals in PAL20RA10 U5 to select the
; RAM during both read and write operations. TXMODE
; is enabled or disabled by software in the PC.
EQUATIONS
RXRD : =/RXRD*RXRDY*/TXWR*/QX ;TOGGLE RXRD.
+ /RXRD*RXRDY*QX*'QY*/G1 WAIT TXWR.
+ RXRD*/RXWE ;HOLD RXRD ACTIVE.
+ RXRD*RXCS ;HOLD RXRD IF
RXRD.CLKF = TXCLK ;CLOCK RXRD.
RXRD.RSTF = EDLCRST ;RESET RXRD.
/RXWE : = /RXRD*/RXWE*/RXCS ;HOLD RXWE.
+ RXRD*RXWE*/RXCS TOGGLE RXWE.
+ /RXRD*/RXWE*RXCS ;HOLD RXWE.
/RXWE.CLKF = TXCLK ;
/RXWE.RSTF = EDLCRST :
RXCS := RXRD*/RXWE*/RXCS ;ENABLE RAM
+ /RXRD*G1*DIR1 ) ;ENABLE U2.
/RXCS.CLKF = TXCLK H
/RXCS.RSTF = EDLCRST ;
RXWR = RXRD*RXWE'RXCS WRITE TO RAM

\WHEN RXRD,RXWE
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/IORDY

/IORDY.CLKF
/IORDY.RSTF
NORDY.TRST

TXWR

TXWR.CLKF
TXWR.RSTF

Qx
QX.CLKF

Qy
QY.CLKF
QY.RSTF

RXTXEOFD
RXTXEOFD.CLKF
RXTXEOFD.SETF

SIMULATION
TRACE_ON

BEGIN
FOR |
BEGIN
SETF
IF | = 2 THEN BEGIN
SETF
END
SETF
SETF
END
END
SETF
FOR J
BEGIN
SETF
FOR !
BEGIN
SETF
SETF
END
SETF
SETF
SETF
END
SETF
FOR |
BEGIN
SETF
SETF
END
TRACE_OFF

seeQ Technology, incorporated

1= G1*RXRD

= TXCLK
= EDLCRST
=G1

1= /[TXWR*TXRDY*TXMODE

* /RXTXEOFD*QX*/QY
* /RXRD*/G1
+ TXWR*AQY ;TXMODE SET.

= TXCLK
= EDLCRST

= /QX
= TXCLK

1= QX*'TXWR + QY*TXWR

= TXCLK
= /TXMODE

: = RXTXEOF

TXCLK EDLCRST TXRDY
/TXWR /QX /QY RXRDY /RXRD
/RXWE /RXCS /RXWR

IORDY /G1 DIR1

/TXCLK EDLCRST
/RXRDY OE /PL /G1
/TXRDY TXMODE
/EDLCRST

:=1TO8DO

TXCLK
/TXCLK

RXRDY

:=1TO2DO
:=1TO8DO

RXRDY
/RXRDY
TXCLK
/TXCLK
/RXRDY G1
:=1TO4DO
G1

:=1TO4DO

/TXCLK
TXCLK

1G1
/TXCLK
TXCLK

TXRDY TXMODE /RXTXEOF

:=1TO16 DO

/TXCLK
TXCLK

;RXCS ACTIVE
;ENABLE AND
;CONTROL U2
;:DIRECTION.

“TXWR ACTIVE
JF TXRDY AND

;QX AND QY
;HOLD TXWR
;ACTIVE FOR
;THREE CLOCK
:CYCLES. TO
SATISFY RAM
\WRITE CYCLE
TIME.

‘REGISTERS QX
'AND QY STREATCH
TXWR.,

‘TRACE ON ALL
'SIGNALS.

SET IDLE MODE,
:NO INCOMING DATA
;FROM ETHERNET.
NO PC ACCESS.

‘CLOCK FOR EIGHT
;PERIODS TO TEST
‘HOLD CONDITION.

ESET RECIEVER READY

;8003 FIFO HAS DATA
;FROM ETHERNET.
:SET A LOOP FOR
SIXTEEN CLOCK

;CYCLES. FOUR HAND-

;SHAKE CYCLES TAKE

\PLACE. RXRDY TURNS

;OFF THEN ON AFTER
;FIRST AND THIRD
;HANDSHAKE.

;TURN OF RXRDY
;SELECTION OF G1
;:BY DECODING ADD-
;RESS FROM PC TO
;TEST I/O READY
SIGNAL.

“TURN OF PC SELEC-
;TION.

‘TURN OF END OFF
‘FILE TURN ON TXRDY

;AND TXMODE TO TEST
;THE TXRDY AND TXWR

;HANDSHAKE FOR
;SIXTEEN CYCLES.
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Figure 10. EEPLD Design TITLE

PATTERN
Specification REVISION

AUTHOR
Rx Counter Q0..Q7 COMPANY

DATE

’

PINS 1

EQUATIONS

QORX

QORX.CLKF
QORX.SETF
QORX.TRST

Q1RX

Q1RX.CLKF
Q1RX.SETF
Q1RX.TRST

Q2RX

Q2RX.CLKF
Q2RX.SETF
Q2RX.TRST

Q3RX

RXCOUNTER_Q0-Q7
ue

05.

PEER RESEARCH.
PEER RESEARCH.
30TH MAY 1988.

CHIP COUNTER PAL20RA10

2 3 4 5 6

/PL NC NC NC NC /RXWR
:PINS 7 8 9 10 1 12

RSTRXDC /RXRD RXTXEOF NC NC GND
;PINS 13 14 15 16 17 18

/OE CWY1 Q6RX Q7RX Q5RX Q4RX
iPINS 19 20 21 22 23 24

Q3RX Q2RX Q1RX QORX CwWYo vcc

The receive counter has been designed to give

a binary count output to the 8K RAM. Registers
QORX - Q7RX are contained in PAL20RA10 U6 and
registers Q8RX - Q12RX in U7. The carry outputs
from U6 are connected to U7 to provide the

link necessary for a synchronous count. The
receive counter, RXCOUNTER is clocked by the
/RXWR input. After a valid RXRD (receiver
ready) /RXWR from U4 goes LOW to perform a
write cycle in the RAM. When /RXWR goes HIGH
the rising edge of this signal increments the
counter to point to the next location in the

RAM. The 3 - State control of U6’s output
buffers are controlied by the RXRD so when
RXRD is active the registered outputs drive

the RAM address inputs. Unlike the transmit
counter the receive counter cannot be loaded
with a starting address, but it can be reset

from the PC by a decoded 1/O address from the
bus. When RSTRXDC is active the contents of
the counter is asynchronously set to zero.

The RXTXEOF signal is an output from the
EDLC 8003 device during data reception, and
this signal is used to reset the counter

after a complete data frame has been received

= JQORX*/RXTXEOF TOGGLE QORX WHEN

= /RXWR RXTXEOF INACTIVE

= RSTRXDC \CLEAR OUTPUT

= RXRD HIGH - Z WHEN
RXRD NOT ACTIVE.

= /Q1RX*QORX*/RXTXEOF ;TOGGLE Q1RX

+ Q1RX*/QORX*/RXTXEOF HOLD Q1RX

=/RXWR :CLOCK Q1RX

= RSTRXDC \CLEAR OUTPUT

= RXRD HIGH - Z WHEN
;RXRD NOT ACTIVE.

= /Q2RX*QORX*Q1RX TOGGLE Q2RX

*/RXTXEOF H

+ Q2RX*/Q1RX*/RXTXEOF ;HOLD Q2RX

+ Q2RX*/QORX*/RXTXEOF;HOLD Q2RX

=/RXWR ;,CLOCK Q2RX

= RSTRXDC ;CLEAR OUTPUT

= RXRD HIGH - Z WHEN

;RXRD NOT ACTIVE.

= Q3RX"Q2RX"QORX :TOGGLE Q3RX

*QIRX*/RXTXEOF ;

seeQ Technology, Incorporated
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Q3RX.CLKF
Q3RX.SETF
Q3RX.TRST

CWYO0

Q4RX

Q4RX.CLKF
Q4RX.SETF
Q4RX.TRST

Q5RX

Q5RX.CLKF
Q5RX.SETF
QSRX.TRST

Q6RX

Q6RX.CLKF
Q6RX.SETF
Q6RX.TRST

CWY1

Q7RX

Q7RX.CLKF
Q7RX.SETF
Q7RX.TRST

SIMULATION
TRACE_ON

SETF

SETF

FOR |
BEGIN

SETF

SETF

END
TRACE_OFF

eeeQ Technology, Incorporated

+ Q3RX"/Q2RX'/RXTXEOF
+ Q3RX*/Q1RX*/RXTXEOF
+ Q3RX*/QORX*/RXTXEOF
=/RXWR

= RSTRXDC

= RXRD

= QORX"Q1RX*Q2RX*Q3RX

= Q4RX*"CWY0*/RXTXEOF
+ Q4RX*/CWYO0*/RXTXEOF
=/RXWR

= RSTRXDC

= RXRD

= /Q5RX'Q4RX*CWY0
*/RXTXEOF

+ Q5RX*/Q4RX*/RXTXEOF
+ QSRX'/CWYO0*/RXTXEOF
= /RXWR

= RSTRXDC

= RXRD

= AQBRX"Q5RX"Q4RX
*CWY0*/RXTXEOF

+ Q6RX"/Q5RX'/RXTXEOF
+ Q6RX*/Q4RX*/RXTXEOF
+ QBRX*/CWY0*/RXTXEOF
=/RXWR

= RSTRXDC

= RXRD

= QBRX"QSRX"Q4RX
* Q3RX*"Q2RX"Q1RX*QORX

= Q7RX*CWY1*/RXTXEOF
+ Q7RX*/CWY1*/RXTXEOF
=/RXWR

= RSTRXDC

= RXRD

/RXWR /RXRD RSTRXDC
RXTXEOF QORX Q1RX Q2RX
Q3RX CWY0 Q4RX QSRX
Q6RX CWY1 Q7RX

RXWR RXRD RSTRXDC /PL
OE /RXTXEOF

/RSTRXDC

=1TO 64 DO

/RXWR
RXWR

;HOLD Q3RX

;HOLD Q3RX

;HOLD Q3RX

;CLOCK Q3RX
;CLEAR OUTPUT
HIGH - Z WHEN
;RXRD NOT ACTIVE.
:CARRY PROPAGATE.

;TOGGLE Q4RX

;CLOCK Q4RX
\CLEAR OUTPUT
;HIGH - Z WHEN
;RXRD NOT ACTIVE.
. TOGGLE Q5RX

{HOLD Q5RX

;HOLD Q5RX
;CLOCK Q5RX
;CLEAR OUTPUT
HIGH - Z WHEN
;RXRD NOT ACTIVE.
TOGGLE Q6RX

;HOLD Q6RX

;HOLD Q6RX

;HOLD Q6RX

;CLOCK Q6RX

;CLEAR OUTPUT
;HIGH - Z WHEN

NOT ACTIVE.
;CARRY PROPAGATE.

‘Q7RX TOGGLE

;CLOCK Q7RX
:CLEAR OUTPUT
;HIGH - Z WHEN
;NOT ACTIVE.

‘TRACE ALL SIGNALS.

’
’

;ENABLE OUTPUTS AND
;COUNTER, DISABLE
;PRELOAD.

;FOR 64 CLOCKS
;COUNT A BINARY
;ADDRESS SEQUENCE.
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Figure 10. EEPLD Design
Specification

Rx Counter Q8 .. Q12

seeQ Technology, incorporated

TITLE
PATTERN
REVISION
AUTHOR
COMPANY
DATE

RXCOUNTER_Q8-Q12
u7

05.

PEER RESEARCH.
PEER RESEARCH.
30TH MAY 1988.

CHIP COUNTER PAL20RA10

PINS

1 2 3 4 5 6
/PL Q7RX /RXWR RXTXEOF NC /TXWR
iPINS 7 8 9 10 1 12
CWY1 RXDC /RXRD /CSRAM  RSTRX GND
;PINS 13 14 15 16 17 18
IOE CWY3 CWY2 RSTRXDC /CE1 Q12RX
;PINS 19 20 21 22 23 24
Q11RX Q10RX Q9RX Q8RX /INCTX vce
H PAL20RA10 U7 is used in conjunction with U6
H as an counter to address the 8K RAM as a
H receive buffer. When the EDLC 8003 device is
H receiving data the RXRDY and /RXRD handshake
H control the flow of data from the EDLC's
H FIFO. As with U6 RXWR and RXRD control the
: incrementing and 3 - State disable of the
H output buffers from each counter register.
. Q7RX - Q10RX perform the conventional binary
H count, but Q11RX and Q12RX point to the page
H boundaries at 0 - 2K, 2K - 4K and 4K - 6K.
H The RXCOUNTER does not encroach into the
5 RAM space allocated for transmition of data,
H 6K - 8K. The count sequence of Q11RX and
H Q12RX is of the sequence O to 1 to 2 then
H back to 0.
H Additional logic has been incorporated in
H this device, /INCTX and /CE1. The /INCTX
H output is a combinational sum of CSRAM and
: /TXWR and is responsible for incrementing
; the transmitter counter U9 and U10 after
H a PC or EDLC access. The /CE1 is a sum of
H CSRAM, /TXWR and /RXRD to enable RAM access
: from the PC, EDLC in transmit mode or EDLC
H in receive mode.
EQUATIONS
;CARRY THROUGH
CwY2 = CWY1*Q7RX ;FROM US6.
Q8RX = JQ8RX*CWY2*/RXTXEOF ;TOGGLE Q8RX
+ Q8RX'/CWY2*/RXTXEOF ;HOLD Q8RX
Q8RX.CLKF =/RXWR ;CLOCK Q8RX
Q8RX.SETF = RSTRXDC CLEAR OUTPUT
Q8RX.TRST = RXRD ;HIGH - Z WHEN
;NOT ACTIVE.
QORX = IQIRX*QBRX*'CWY2 TOGGLE Q9RX
*/RXTXEOF B
+ QORX*/Q8RX*/RXTXEOF ;HOLD Q9RX
+ QIRX*/CWY2*/RXTXEOF ;HOLD Q9RX
QORX.CLKF = /RXWR ;CLOCK Q9RX
QORX.SETF = RSTRXDC ;CLEAR OUTPUT
QIRX.TRST = RXRD ;HIGH - Z WHEN
NOT ACTIVE.
Q10RX = /Q10RX*QORX*Q8RX TOGGLE Q10RX
*CWY2*/RXTXEOF H
+ Q10RX*/Q8RX*/RXTXEOF ;HOLD Q10RX
+ Q10RX"/Q9RX*/RXTXEOF ;HOLD Q10RX
+ QI0RX*/CWY2*/RXTXEOF ;HOLD Q10RX
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Q10RX.CLKF
Q10RX.SETF
Q1ORX.TRST

CWY3
Q11RX
Q11RX.CLKF
Q11RX.SETF
Q11RX.TRST
Q12RX
Q12RX.CLKF
Q12RX.SETF
Q12RX.TRST
RSTRXDC

INCTX

CE1

SIMULATION
TRACE_ON

SETF

SETF
FOR |
BEGIN
SETF

SETF

END
TRACE_OFF

seeQ Technology, Incorporated

=/RXWR
= RSTRXDC
= RXRD

= CWY2"Q8RX*QIRX*Q10RX

= /Q11RX*/Q12RX
*RXTXEOF

+ Q11RX*/RXTXEOF
=/RXWR

= RSTRX

= RXRD

= /Q12RX"Q11RX*RXTXEOF
+ Q12RX*/RXTXEOF
=/RXWR

= RSTRX

= RXRD

= RSTRX + RXDC

= CSRAM*/RXRD
+ TXWR;INCREMENTS TX

= INCTX
+ TXWR
+ RXRD

/RXWR /RXRD RSTRX
RXTXEOF Q8RX Q9RX
Q10RX CWY3 Q11RX
Q12RX

RXWR RXRD RSTRX /PL
OE Q7RX CWY1
/RXTXEOF

/RSTRX

=1TO 64 DO

/RXWR
RXWR

;CLOCK Q10RX
;CLEAR OUTPUT
HIGH - Z WHEN

;NOT ACTIVE.
;CARRY PROPAGATE.

;Q11RX TOGGLES IF
JQ12RX IS LOW.
;AND NOT RXTXEOF
;ELSE HOLD.
;CLEAR OUTPUT
;HIGH - Z WHEN
;NOT ACTIVE.
:Q12RX TOGGLES IF
;Q11RX HIGH AND
;NOT RXTXEOF ELSE
;HOLD. CLEAR
;OUTPUT HIGH - Z
\WHEN NOT ACTIVE.
;RESET OR RXDC

‘CSRAM OR TXWR

;COUNTER.

;RAM IS SELECTED
;FOR PC, TX OR
;RX ACCESS.

“TRACE ALL SIGNALS.

’

;ENABLE OUTPUTS
:DISABLE PRELOAD.
JWHEN RXTXEOF NOT
/ACTIVE CLOCK
;COUNTER 64 TIMES.
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Figure 10. EEPLD Design

Specification

Tx Counter Q0 .. Q6

GeeQ Technology, Incorporated

TITLE
PATTERN
REVISION
AUTHOR
COMPANY
DATE

TXCOUNTER_QO0-Q6
us

05.

PEER RESEARCH.
PEER RESEARCH.
30TH MAY 1988.

CHIP COUNTER PAL20RA10

1

‘PINS

1 2 3 4 5 6
/PL NC LDO D4 D3 Do
;PINS 7 8 9 10 1 12
D1 D2 Dé Ds /INCTX GND
;PINS 13 14 15 16 17 18
/OEC TY1 NC Q6T QsT Q4T
iPINS 19 20 21 22 23 24
Q3T Q2T QiT QoT CTYo vCcC
H The transmit RAM buffer counter is a loadable
: binary counter from the PC bus. When LDO is
H active data on DO - D6 is loaded into registers
H QO - Q6. LDO is a signal decoded from the PC
H at the 1/O location 308. The /INCTX input
H performs two functions, it controls the enable
; output of the counter during a transmission
: access to the RAM buffer and then increments
H the counter on the rising edge. When HIGH the
H counter outputs are in a 3 - State condition.
H In a 3 - State the recieve counter can be
H enabled onto the address inputs of the buffer
H RAM. /INCTX comes from the RAM SELECT PAL20RA10
H US. The binary counter QO - Q6 is synchronous
H with carry enable signals CTY1 and CTYO0 linking
H the registers in the counter.
EQUATIONS
QoT 1= /QOT ;QOT LSB OF COUNT
QOT.CLKF = /INCTX IINCREMENT
QOT.SETF =/D0*LDO ;LOAD LOW
QOT.RSTF = D0*LDO ;LOAD HIGH
QOT.TRST = INCTX HIGH -2
QT L= /QIT*QOT ;TOGGLE Q1T
+ QIT*/Q0T ;HOLD Q1T
Q1T.CLKF = /INCTX ;INCREMENT
QIT.SETF =/D1*LDO ;LOAD LOW
Q1T.RASTF = D1*LDO ;LOAD HIGH
QIT.TRST =INCTX HIGH-Z
Q2T 1= /Q2T*QOT*QIT :TOGGLE Q2T
+ Q2T/QIT ;HOLD Q2T
+ Q2T*/Q0T ;HOLD Q2T
Q2T.CLKF = /INCTX INCREMENT
Q2T.SETF =/D2'LD0 ;LOAD LOW
Q2T.RSTF = D2'LD0 ;LOAD HIGH
Q2T.TRST = INCTX HIGH-Z
Q3T = Q3T*Q2T*QOT* Q1T
;TOGGLE Q3T
+ Q3T/QRT ;HOLD Q3T
+ Q3T/QIT ;HOLD Q3T
+ Q3T /Q0T ;HOLD Q3T

8-126



Q3T.CLKF
Q3T.SETF
Q3T.RSTF
Q3T.TRST

CTYo
Q4T

Q4T.CLKF
Q4T.SETF
Q4T.RSTF
Q4T.TRST

QsT

Q5T.CLKF
Q5T.SETF
Q5T.RSTF
Q5T.TRST

Q6T

Q6T.CLKF
Q6T.SETF
Q6T.RSTF
Q6T.TRST

CTY1

SIMULATION
TRACE_ON

SETF

SETF
SETF

SETF
SETF

FOR |
BEGIN
SETF

SETF

END
TRACE_OFF

seeQ Technology, Incorporated

=/INCTX
=/D3*LD0
= D3*LD0
= INCTX

= QUT*QITQ2T*Q3T

1= /Q4TCTYO

+ Q4T*/CTYO
= /INCTX
=/D4*LDO

= D4*LDo

= INCTX

1= /Q5T*Q4T*CTYO

+ Q5T*/Q4T
+ Q5T*/CTYO
= /INCTX
=/D5*LDO

= D5*LDo

= INCTX

1= /Q6T*Q5T*Q4T*CTYO

+ Q6T*/Q5T
+ Q6T*/Q4T
+ Q6T*/CTYO
= /INCTX

= /D6*LDO

= Dé*LD0

= INCTX

= Q6T*Q5T*Q4T*Q3T Q2T
TQATQOT

/INCTX LDO

QOT Q1T Q2T Q3T CTYO
Q4T Q5T Q6T CTY1 OE /PL
/LDO DO D1 D2 D3 D4
D5 D6;FUNCTION

OE /PL INCTX

LDo

/LDO /DO /D1 /D2 /D3

/D4 /D5 /D6

LDO

/LDO

:=1TO 128 DO

INCTX
/INCTX

INCREMENT
;LOAD LOW
;LOAD HIGH
HIGH - Z

;CARRY TO
:Q4T, Q5T Q6T
:TOGGLE Q4T
;HOLD Q4T
INCREMENT
;LOAD LOW
;.LOAD HIGH
HIGH - Z

;TOGGLE QT5
;HOLD QTS
;HOLD QTS
;INCREMENT
;LOAD LOW
;LOAD HIGH
HIGH - Z

;TOGGLE QTé
;HOLD QTé
;HOLD QT6
;HOLD QT6
;INCREMENT
;LOAD LOW
;LOAD HIGH
HIGH - Z

‘CARRY FOR
NEXT STAGE

TRACE ALL
'SIGNALS.

TEST LOAD

;FOR ALL HIGH
;THEN ALL LOW.

\DISABLE LOAD
{ENABLE COUNT
;FOR 128 TEST
\VECTORS.
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Figure 10. EEPLD Design

Specification

Tx Counter Q7 .. Q12

GeeQ Technology, Incorporated

TITLE
PATTERN
REVISION
AUTHOR
COMPANY
DATE

TXCOUNTER_Q7-Q12
u10

05.

PEER RESEARCH.
PEER RESEARCH.
30TH MAY 1988.

CHIP COUNTER PAL20RA10

iPINS 1 2 3 4 5 6
/PL D2 D1 Do D3 D4
iPINS 7 8 9 10 11 12
CTY1 TXMODE LDO LD1 D7 GND
iPINS 13 14 15 16 17 18
/OE NC CTY2 RXTXEOF /INCTX Q12T
;PINS 19 20 21 22 23 24
QT Q10T QoT Q8T [e7a¥ vce
H The transmit buffer counter outputs Q7T - Q12T
H are the higher order address bits to QOT - Q6T
H registers from PAL20RA10 U9. Q7T is loaded from
H the PC bus I/O location 309 and Q10T - Q12T is
H loaded from DO - D4 at 1/O location 30A. The
H outputs when enabled to count access locations
H in the buffer RAM and are incremented by the
H rising edge of /INCTX, when HIGH this signal
H puts the output buffers into 3 - State.
H The RXTXEOF goes active at the final count of the
. counter, that is when registers Q0 - Q12
H contain all logic HIGHs. The start location
H of the data tranfer to RAM is loaded from the
H PC bus. The RXTXEOF signal, when active informs
K the EDLC device that a block of data has been
H read from the buffer RAM and tranmitted by the
H 8003 EDLC device The 3 - State condition of RXTXEOF
H is qualified by TXMODE (and input) and /INCTX.
H This is because the EDLC RXTXEOF signal also serves
H as an RXTXEOF output during receive activity. The
: RXTXEOF line is connected to the RXTXEOF pin of the
: 8003 EDLC chip.
EQUATIONS
QT = /Q7T*CTY1 JOGGLE Q7T
+ Q7T*/CTY1 ;HOLD Q7T
Q7T.CLKF = /INCTX INCREMENT
Q7T.SETF = /D7°LDO ;LOAD LOW
Q7T.RSTF = D7*LDO ;{LOAD HIGH
Q7T.TRST = INCTX HIGH - Z
Q8T = /Q8T*Q7T*CTY1
;TOGGLE Q8T
+ Q8T*/Q7T ;HOLD Q8T
+ Q8T*/CTY1 ;HOLD Q8T
Q8T.CLKF = /INCTX INCREMENT
Q8T.SETF =/D0*LD1 ;LOAD LOW
Q8T.RSTF = D0*'LD1 ;LOAD HIGH
Q8T.TRST = INCTX HIGH-Z
QoT = /QIT*Q8T*Q7T*CTY1
. TOGGLE Q9T
+ QOT*/Q8T ;HOLD QoT
+ QOT/Q7T ;HOLD QoT
+ QIT/CTYH ;HOLD Q9T
QOT.CLKF = /INCTX ;INCREMENT
QOT.SETF = /D1*LD1 ;LOAD LOW
QOT.RSTF = D1*LD1 ;LOAD HIGH
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QOT.TRST
CTY2

QioT

Q10T.CLKF
Q10T.SETF
Q10T.RSTF
Q10T.TRST

QT

Q11T.CLKF
Q11T.SETF
Q117T.RSTF
QUT.TRST

Q12T

Q12T.CLKF
Q12T.SETF
Q12T.RSTF
Q12T.TRST

RXTXEOF

SIMULATION
TRACE_ON

SETF

SETF
SETF

SETF
SETF

FOR|
BEGIN
SETF

SETF

END
TRACE_OFF

eeeQ Technology, Incorporated

= INCTX
= QeT*Q8T*Q7T*CTY1

= /Q10T*CTY2
+ Q10T*/CTY2
=/INCTX
=/D2*LD1

= D2*LD1

= INCTX

= /QIITQI0T*CTY2
+ QUIT/Q10T

+ QUT/CTY2
=/INCTX

=/D3*LD1

= D3"LD1

= INCTX

‘= Q12T* Q11 T*QIOT*CTY2

+ QI2T/QIT
+ Q12T/Q10T
+ Q12T*/CTY2
= [INCTX
=/D4*LD1

= D4*LD1
=INCTX

= Q12T' Q1 T'Q10T*QeT
*Q8T"Q7T*CTY1
RXTXEOF.TRST

INCTX LD1 LDO Q7T
Q8T Q9T Q10T CTY2
Q11T Q12T RXTXEOF
TXMODE OE /PL

/LD1 /LDO INCTX

D7 Do D1 D2 D3 D4
CTY1 TXMODE OE /PL
LD1 LDO

/LD1 /LDO /D7 /DO

/D1 /D2 /D3 /D4

LDt LDO

/LD1 /LDO /INCTX
=1TO64 DO

INCTX
/INCTX

HIGH - Z

‘CARRY TO
'NEXT STAGE

TOGGLE Q10T
;HOLD Q10T
INCREMENT
;LOAD LOW
;LOAD HIGH
HIGH -Z

TJOGGLE Q11T
;HOLD Q11T
;HOLD Q11T
INCREMENT
,LOAD LOW
;LOAD HIGH
HIGH - Z

;TOGGLE Q12T
;HOLD Q12T
;HOLD Q12T
;HOLD Q12T
JINCREMENT
;LOAD LOW
;LOAD HIGH
HIGH - Z

{END OF FILE
‘ACTIVE HIGH

= TXMODE*INCTX;

’

TRACE ALL
'SIGNALS

’

;TEST FOR
;LOADING OF
;REGISTERS
Q7T - Q12T
;ENABLE LOAD
;ALL HIGH
;THEN ALL LOW
;DISABLE LOAD
;ENABLE COUNT
;FOR 64 CLOCK
;PULSES.

i
)
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Figure 11. PASCAL Software
Source

Variable
Declaration

Constants

program EDLC;

pe
Str2 = string[2]; Str4 = string[4];

Frame = record

DestinationAddress, SourceAddress : array[1..6] of byte;

{ EDLC Hello Test }
{ Turbo Pascal Source Listing for PC/XT/AT 5/1/88 }
uses crt;

ByteCount : array[1..2] of byte;

Data : array[1..46] of byte;
end;

var TransmitFrameBuffer, ReceiveFrameBuffer : Frame;
ReadByte, CleanUpStatus, Rx2kBank, PreviousRx2kBank : byte;
TestData, TestData1, SequenceData : byte; InKey, OutChar, Select :

TxCount, TxFail, RxCount, RxFail : word; i : integer;
Address, LastAddress, ReadWord : word;

Fail, InhibitMessage : boolean;

const

EDLCStationAddress = $300;
EDLCReceive = $306;
EDLCTransmit = $307;
Command = $308;
LoadTransmitCounter0 = $309;
LoadTransmitCounter! = $30A;
FifoData = $30C;

ResetEDLC = $01;
ResetRxCounter = $02;
SetEDLClpbk = $04;
SetTxMode = $08;
ResetTxMode = $00;
ResetAliCommands = $00;
NoCommand = $00;

StartTransmitCommand = $08;
TransmissionSuccess = $08;
StartReceiveCommand = $EO;
ReceivedGoodFrame = $20;
OldTransmitStatus = $80;
OldReceiveStatus = $80;
ResetStatus = $80;

TestStationAddress : array[1..6]
TestFrame : Frame =

(DestinationAddress : (00,11,22,33,44,55);

of byte =

SourceAddress :  (00,11,22,33,44,55);

ByteCount : (46,00);
Data :

(00,01,02,03,04,05,06,07,08,09,10,11,12,13,14,15,
16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,
32,33,34,35,36,37,38,39,40,41,42,43,44,45) );

ESC =#27; CR =#13; BKSP

= #08;

Misc. begin

function UpCase(inchar : char): char;

Functions if inchar in ['a’..'z'] then Upcase := chr( ord(inchar) and $DF})

end;

else UpCase := inchar;

function h(number : integer) : char; begin

GeeQ Technology, Incorporated

casenumberofoh '0"1:h:
6:h:='6"7:h:="7";8 9:h:

="1"2:h:=
='9",10:h:=

13:h:='D";14:h: 'E'15h ='F";end; end;

function HexByte(Number : byte) : str2;

1:h:

='3"4:h:='4"5

='B";12:h:

(00,11,22,33,44,55);

’C'

char;

begin HexByte := h((Number shr 4) and 15)+h((Number) and 15) ; end;
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function HexWord(Number : byte) : str4;
begin HexWord := h((Number shr 12) and 15)+h((Number shr 8) and 15)
+h({(Number shr 4) and 15)+h((Number) and 15); end;

procedure ClearScreen(Color : Word);
begin
TextBackGround(Color);
clrscr;
end;

function Match(Mask, Arg : byte) : boolean;
begin Match := not ((Mask and Arg) = 0 ); end;

procedure WritePCBus(Address : word; Data : byte);
begin port{Address] := Data; end;

function ReadPCBus(Address : word) : byte;
begin ReadPCBus := port[Address]; end;

procedure ClearRAM;
var i,j : integer;
begin
WritePCBus(LoadTransmitCounter0, 0);
WritePCBus(LoadTransmitCounteri, 0);
for j := 1 to 8192 do WritePCBus(FifoData, 0 );
end;

procedure DumpRAM; var ij,k : integer;
begin
WritePCBus(LoadTransmitCounter0, 0);
WritePCBus(LoadTransmitCountert, 0); k := 0;
while (not(k = 16)) and not(InKey = ESC) do
begin forj:=0to 15 do
begin
write((k"512+j*32) 4, * *);

for i := 0 to 31 do Write(HexByte(ReadPCBus(FifoData)}); writein(");

end;

writein("); k := k + 1; InKey := ReadKey;
end;
end;

procedure WritelnRAM(Address : word); var i : integer;
begin
WritePCBus(LoadTransmitCounter0, Lo(Address));
WritePCBus(LoadTransmitCountert, Hi(Address)); write(* ‘, Address5, * );
for i := 0 to 31 do Write(HexByte(ReadPCBus(FifoData))); writein(*);
end;

g;oq,edure DumpRAMPackets; var i : integer;
gin

writein("); WritelnRAM(0000); WritelnRAM(0032);
writeln("); WritelnRAM(2048); WritelnRAM(2080);
writeIn(*); WritelnRAM(4096); WritelnRAM(4128);
writeln("); WritelnRAM(8128); WritelnRAM(8160);
end;

procedure LoadStationAddress; var i : integer;
begin fori:= 1106 do

WritePCBus(EDLCStationAddress + i-1, TestStationAddressi]);
end;

Function ReceiveEqualTransmit : boolean;
type Fb=array[1..60] of byte; var TfPtr, RfPtr : AFb; i : integer;
begin
ReceiveEqualTransmit := true; RfPtr:=addr(ReceiveFrameBuffer);
TiPtr:=addr(TransmitFrameBuffer);
for i := 1 to 60 do if not(RfPtrA[i] = TtPtrA[i]) then
ReceiveEqualTransmit := false;
end;

Figure 11. PASCAL Software
Source

Screen
Functions

PC/XT/AT
10 Port
Bus Instructions

RAM
Test Procedures

seeQ Technology, Incorporated
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Figure 11. PASCAL Software proqedure InitialTransmitFrameBuffer; var i : integer;
Source begin
fori == 1 to 46 do case TestData of
$11: TransmitFrameBuffer.Data[i]:=random(255);
$22: TransmitFrameBuffer.Datafij:= SequenceData
else TransmitFrameBuffer.Data[i] := Testdata; end;
case SequenceDataof $11: SequenceData:= $22; $22: SequenceData:= $33;
$33: SequenceData:= $44; $44: SequenceData:= $55; $55: SequenceData:= $66;
$66: SequenceData:= $77; $77: SequenceData:= $88; $88: SequenceData:= $99;
$99: SequenceData:= $00; $00: SequenceData:= $11; end;
end;

procedure InitializeEDLC;
begin
WritePCBus(Command, ResetEDLC + ResetRxCounter);
WritePCBus(Command, ResetAliCommands);
ClearRAM;
Rx2kBank := 0; PreviousRx2kBank := 0;
LoadStationAddress;
WritePCBus(EDLCReceive, StartReceiveCommand);
WritePCBus(EDLCTransmit, StartTransmitCommand);
end;

RAM | procedure Initialize;
Tests Continued | begin
TxCount := 1; RxCount :=0;
TxFail := 0; RxFail := 0;
Randomize; SequenceData:= $11;
Inkey =" ";
TransmitFrameBuffer := TestFrame;
Initial TransmitFrameBuffer;
InitializeEDLC;
gotoxy(20, 2); write('SEEQ 8003 EDLC Demonstration V1.0a");
end;

procedure RAMTest;
begin
InKey := '?'; Fail := false; LastAddress := 4095;
Initialize;
gotoxy(1, 3);
while not (InKey = ESC )do
begin
WritePCBus(Command, ResetEDLC);
WritePCBus(Command, ResetAllCommands);
WritePCBus(LoadTransmitCounter0, 0);
WritePCBus(LoadTransmitCounter1, 0);
for Address := 0 to LastAddress do
in
WritePCBus(FifoData, Hi(Address)); { write(H( Lo(Address)), * )}
WritePCBus(FifoData, Lo(Address)); { write(H( Hi(Address)), * )i}
end;
WritePCBus(LoadTransmitCounter0, 0);
WritePCBus(LoadTransmitCounter1, 0);
Address = 0;
while not (Address = LastAddress+1) and
not (InKey = ESC ) do
begin
ReadWord := ReadPCBus(FifoData);
ReadByte := ReadPCBus(FifoData);
ReadWord := swap(ReadWord) + ReadByte;;
if not{ReadWord = Address) then
begin
writeln(‘Address = ‘, HexWord(Address),
‘ Read DATA = *, HexWord(ReadWord) );
InKey = readkey; Fail := true;
end;
Address := Address + 1;
end;
if keypressed then InKey := readkey;
if Fail then writein('Fail RAM Test)
else writeln('Pass RAM Test);
end;

end;

GeeQ Technology, Incorporated
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procedure ReceiveFrame;

var i : integer;

begin
WiritePCBus(LoadTransmitCounter0, 0);
WritePCBus(LoadTransmitCounter1, Rx2kBank*8);
with ReceiveFrameBuffer do
begin
fori:=1to 6 do DestinationAddress[i]:=ReadPCBus(FifoData);
fori:=11t06 do SourceAddress|i] :=ReadPCBus(FifoData);
fori:=1t0 2 do ByteCount|i] :=ReadPCBus(FifoData);
for i:=1 to 46 do Datali] :=ReadPCBus(FifoData);
end;

PreviousRx2kBank := Rx2kBank; CleanUpStatus := ReadPCBus(EDLCReceive);

if Rx2kBank = 2 then Rx2kBank := 0 else Rx2kBank := Rx2kBank + 1;
end;

procedure TransmitFrame(CurrentMode : byte);
vari : integer;
begin
WritePCBus(LoadTransmitCounter0, $C4);
WiritePCBus(LoadTransmitCounter1, $FF);
with TransmitFrameBuffer do
begin
fori:=1 to 6 do WritePCBus(FifoData,DestinationAddressfi] );
fori:=1 to 6 do WritePCBus(FifoData, SourceAddressli] );
fori:=1t0 2 do WritePCBus(FifoData, ByteCountfi} );
for i:=1 to 46 do WritePCBus(FifoData, Datafi] );
end;
CleanUpStatus := ReadPCBus(EDLCTransmit);
WritePCBus(LoadTransmitCounter0, $C4);
WritePCBus(LoadTransmitCounter1, $FF);
WritePCBus(Command, SetTxMode + CurrentMode);
end;

procedure ReadCharacter;
var SaveX,SaveY : byte;
begin
while not keypressed do
begin
ReadByte := ReadPCBus(EDLCReceive);
if not Match( OldReceiveStatus, ReadByte) then
begin
SaveX := whereX; SaveY := whereY;
gotoxy(3,10);
write(‘Receive Status = *, HexByte(Readbyte), * *);
ReceiveFrame;
gotoxy(3,6);
write('Receive Message );
i=1;
repeat
ifi = 1 then clreol;
OutChar := (chr(ReceiveFrameBuffer.Datal[i}));

if OutChar in ['0"..'9", 'a’..'2', ‘A"..'Z,".",,",’ '] then write(OutChar);

i=i+1;
until (i = 47) or (OutChar = CR) or (OutChar = ESC);
gotoxy(1,13); DumpRAMPackets;
gotoxy(SaveX,SaveY);
end;
end;
InKey := readkey;
end;

procedure HelloHello;

vari :integer;

begin
Initialize; InKey := *?';
while not (InKey = ESC) do

Figure 11. PASCAL Software
Source

Recelve
Frame

Transmit
Frame

Read Character

[2]
w
-
[e]
<
Q.
a.
<

eeeQ Technology, Incorporated
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Figure 11. PASCAL Software
Source

Hello Hello

Display
Frame

Wait for
Status

Echo
Frame

seeQ Technology, Incorporated

begin
gotoxy(3,4); clreol;
write(‘Transmit Message );
i=1;
repeat
ReadCharacter;
if InKey in ['0°..'9", a’..'2", ‘'A..'Z","",")" ‘] then
begin
write(InKey);
TransmitFrameBuffer.Datali] := ord(InKey);
i=i+t;
end;
if (InKey = BKSP) and not (i = 1) then
begin
write(BKSP); write(' *); write(BKSP);
i=i-1;
TransmitFrameBuffer. Datali] := ord(' ‘);
end;
until (i = 47) or (InKey = CR) or (InKey = ESC);
while not (i = 47) do
begin
TransmitFrameBuffer.Datali] := 0;
i=i+1;
end;

TransmitFrame(NoCommand);
ReadByte = OldTransmitStatus;
i=1:

whlle Match(OldTransmitStatus , ReadByte) and not (i = 1000) do

begin
ReadByte := ReadPCBus(EDLCTransmit); i :=i+ 1;

end;
WritePCBus(Command, ResetTxMode);
gotoxy(3,8);
write(‘Transmit Status =,
TxFail := TxFail + 1;
gotoxy(1,13);
DumpRAMPackets;

end;

end;

HexByte(Readbyte), * *);

Procedure WriteFrame(Buffer : Frame);
type Fb=array[1..60] of byte; var RfPtr : AFb; i : integer;
begin RfPtr:=addr(Buffer); fori:=1to 14do
wnte(HexByte(RfPtr"[»]) *Y); writeln(*);
fori:=15to 37
wnte(HexByte(RfPtr"[l]) ¢ 1), writeln(");
for i := 38 to 60
wme(HexByte(RfPtr"[l]), 1), writeln(*);
end;

procedure WaitWhile(Device : word; Status : byte);
var i : integer;
begin
ReadByte := Status; i = 1;
while Match(Status , ReadByte) and not (i = 10000) do
begin
ReadByte := ReadPCBus(Device); i:=i+1;
end;
if i = 10000 then RxFail := RxFail + 1;
write (HexByte(Readbyte), *:');
end;

procedure EchoFrames;
var i : integer;
begin
Initialize;
while not(inKey = ESC) do
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begin
gotoxy(1,13);
ReadByte := OldReceiveStatus;
while Match(OldReceiveStatus , ReadByte) and not keypressed do
ReadByte := ReadPCBus(EDLCReceive);
if not keypressed then
begin
write (HexByte(Readbyte), ‘);
if Match( ReceivedGoodFrame, ReadByte ) and not
Match( OldReceiveStatus , ReadByte ) then
writeln(‘Receive Good Frame') else
begin
writeln(‘Receive Fail ‘); RxFail = RxFail + 1;
end;
ReceiveFrame; TransmitFrameBuffer := ReceiveFrameBuffer;
if not InhibitMessage then WriteFrame(TransmitFrameBuffer); writeln(");
TransmitFrame(NoCommand);
WaitWhile(EDLCTransmit, OldTransmitStatus);
WritePCBus(Command, ResetTxMode);
if Match( TransmissionSuccess, ReadByte )
then writeln(‘Transmit Successful’) else
begin writeln(‘Transmit Fail'); RxFail := RxFail + 1; end;
writeln(*');
Wirite(‘Count = *, TxCount, * RxFail = *, RxFail,’ bR
TxCount := TxCount + 1;

end;
if keypressed then InKey := readkey;
end;
end;

pracedure LoopBackTest(CurrentMode : byte); var i : integer;
begin
if keypressed then InKey := readkey;
Initialize;
WritePCBus(Command, CurrentMode);
while not{InKey = ESC) do
begin
gotoxy(1,13);
TransmitFrame(CurrentMode);
WaitWhile(EDLCTransmit, OldTransmitStatus);
WritePCBus(Command, ResetTxMode + CurrentMode); clreol;
if Match( TransmissionSuccess, ReadByte )
then writeln(‘Transmission Successful’)
else writeln(‘Transmission Fail’);
if not InhibitMessage then WriteFrame(TransmitFrameBuffer);
writeln(”); WaitWhile(EDLCReceive, OldReceiveStatus);
if Match( ReceivedGoodFrame, ReadByte ) and not
Match( OldReceiveStatus , ReadByte ) then
begin
ReceiveFrame; writeln{'Receive Good Frame °, PreviousRx2kBank);
if not InhibitMessage then WriteFrame(ReceiveFrameBuffer);
if ReceiveEqualTransmit then
begin
if CurrentMode = SetEDLCLpbk then write(‘EDLC Loopback Test Pass')
else write('EDLC Transmit Test Pass’);
end
else
begin
if CurrentMode = SetEDLCLpbk then write('EDLC Loopback Test Fail’)
else write{' EDLC Transmit Test Fail’);
RxFail := RxFail + 1; InitializeEDLC;

end;
end
else
begin writeln(‘Receive Fail *, PreviousRx2kBank);
for i := 1 to 5 do begin clreol;writeln; end;
end;

gotoxy(1,24);

clreol; Write(' TxCount = *, TxCount, ' RxFail = *, RxFail, * );
TxCount := TxCount + 1; InitialTransmitFrameBuffer;

if keypressed or (InKey = * ') then InKey := readkey;

end;
end;

Figure 11. PASCAL Software
Source

LoopBack
Test
Continued

LoopBack
Test
Continued

seeQ Technology, Incorporated
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Figure 11. PASCAL Software
Source

Main Program

Menu Display

Menu Calls
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begin {main program}

Initialize;
TextColor(Yellow); InhibitMessage := false; TestData := $11; Select = ‘?';
while not (Select = ESC) do

begin

ClearScreen(Blue); InKey
gotoxy(20, 2); wnte(SEEQ 8003 EDLC Demonstration V1.0a’);
gotoxy(25, 5); write('H - Hello Hello');
gotoxy(25, 6); write('L - Loop Back Test);
gotoxy(25, 7); write('T - Transmit Data Frames’);
gotoxy(25, 8); write(‘E - Echo Frames');
gotoxy(25, 9); write(‘R - RAM Test’);
gotoxy(25,10); write('D - Dump RAM’);
gotoxy(25,11); write('B - Dump RAM Brief’);
gotoxy(25,12); if not InhibitMessage then
write(l - Messages = ON’) else
write(! - Messages = OFF’);
gotoxy(25,13); case TestData of
$11: write('C - Data = Random’); $00: write('C - Data =
hex00');
$55: write('C - Data = hex55');  $AA: write('C - Data =
hexAA’);
$FF: write('C - Data = hexFF’); $22: write(‘C - Data = Se-
quence’); end;
gotoxy(25,14); write(‘Esc - Quit to DOS');
gotoxy(25,16); if Select = ‘# then
begin sound(400); delay(10);
write('ERRORY!, enter new selection’); nosound;
end
else
write(‘enter selection’);
Select := UpCase(readkey);
ClearScreen(red);
case Select of
‘H': HelloHello;
‘L": LoopBackTest(SetEDLCLpbk);
‘T": LoopBackTest(NoCommand);
‘E': EchoFrames;
‘R': RAMTest;
‘D': DumpRAM;
'B’: begin gotoxy(1,13); DumpRAMPackets; InKey := readkey; end;
‘I': InhibitMessage := not InhibitMessage;
‘C’: begin case TestData of
$11: TestData1 := $22; $22: TestDatat := $00;
$00: TestDatal := $55; $55: TestDatal := $AA;
$AA: TestDatal := $FF; $FF: TestDatal := $11;
end;
TestData := TestDatat
end;
ESC: write(‘Quit);
else Select := ‘#
end; {case}

end;
ClearScreen(Black);
end.

PALASM is a registered trademark of Monolithic Meories, a wholly owned
subsidiary of Advanced Micro Devices.

ABEL is a Trademark od Data /O Corporation.

CUPL is a trademark of Logical Devices Inc.

MINC is a trademark of MINC.

Turbo PASCAL 4.0 is a trademark of Borland nternational Inc.
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PROVIDING SWITCHED V,,
TO THE 48F512 AND 48F010

The 48F512 and 48F010 are 64K x 8 and 128K x 8
Flash EEPROMs that are reprogrammable in-cir-
cuit. Because Flash EEPROMSs program with the
same mechanism as UVEPROMs (channel hotelec-
tron injection), an external voltage supply is needed
for both erasure and programming. While it is
possible to leave this programming voltage applied
to the V. pin (pin 1) for normal reads, some custom-
ers may wish to switch this power supply off during
power up and down; in addition, chip erase does
require switching V,,, to a TTL level and then back to
V.- This application note describes two ways to
control the V,,, power supply to pin 1 of the Flash
EEPROM via normal microprocessor signals.

The first method assumes that the user has a mul-
tiple output power supply with 12 - 13 volts available
on the printed circuit board. What is needed is a
switch that connects this power supply to pin 1 of the
device. Figure 1 shows one possible implementa-
tion of a V, switch. The circuit operation is quite
simple: when the V,,, On signalis high, transistor Q2
is turned on and sinks current through zener diode
D2. This 3.6 volt zener diode insures that Q2 cannot
be turned on until its base rises 1 diode drop above
the zener voltage; this provides power up and down
protection by keeping Vo, off until V. has reached
approximately 4.3 volts. When Q2 turns on, the
base-emitter junction of Q1 is forward biased while
the base-collector junction is reversed biased; this
puts Q1 into saturation, connecting the V,,, power
supply to pin 1 of the 48F010. Diode D1 is now
reverse biased, which isolates the 5 volt power sup-
ply. Capacitor C1 smooths the rise and fall of V,

PP

preventing overshoot and undershoot. Resistor R1
provides a discharge path for capacitor C1 when V,,
is removed. Ifthe V,,, Onsignal is broughtiow or V.,
falls below 4.3 volts, transistor Q2 turns off, and this
turns off Q1. Diode D1 is now forward biased, which
brings pin 1 of the 48F010 to 1 diode drop below V...
U2A, which is shown as an open-collector buffer,
can be any buffer as long as its output swings to the
V. rail when high.

The second method uses a CMOS switchable DC-
DC converter to generate V,,, from 5 volts. A Maxim
MAX630 is used because it provides +/— 1.5% regu-
lation and can be switched off by grounding or
floating pin 6. (The operation of the converter is well
described in the Maxim datasheet and will not be
repeated here.) Switching V,,, on is accomplished by
applying a logic 1to U1A pin 1, which is one fourth of
a 74L.S126 tri-state buffer. This applies a logic 1 to
pin 6 of U2 and starts the converter. When U1A pin
1 is brought low, its outputis tri-stated which turns off
the converter; diode D1 conducts and brings V,, to
one diode drop below V. If V. sensing is desired
to disable the converter when V. drops below a
certain voltage, the low battery detect circuit of U2
can be used as shown in the MAX630 datasheet. In
this case, U1 should be an HC126 to guarantee op-
eration over a wider V. range. The input signal for
for U1, pin 2, comes from the low battery output of
U2, pin 8. Pin 1 of U2 is connected to V. through a
voltage divider whose resistor values determine the

trip point for low V detect.

Circuit diagrams are included as a means of illustrating typical applications, and complete information for construction purposes is not necessarily given. The
information presented here has been carefully checked, and is believed to be entirely reliable, but no responsibility is assumed for inaccuracies. Furthermors,
no responsibility is assumed by SEEQ Technology, Inc., for use; not for any infringements of patents or other rights of third parties, which may result fromits
use. No license is granted by implication, or otherwise, under any patent or patent rights of SEEQ Technology, Inc.

seeQ Technology, Incorporated
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N
D[0.7]
u1
A0 2 [0 0
A1 1| ot
A2 10 A2 D2
A3 9 | s 03
M 8 |ae D4
IN A 7 05
AS 6 |46 06
A7 5 a7 o7
A8 27 As
A9 2% |0
a0 23 |,
Al 25
Al
m2 4 |, SEEQ
+125V 45V Al 21 a13
A4 29 Al4
At5 3 A15
A16 2 | are
TED 2 |-
D1 RD 24 OF
1N4001 WE —
WE 311 wE
Vep
Rt 48F010
10K
Figure 1. V,, Switch Circuit
L1
Y
470 uH rosTTT T T T T T T T T T T T [
| sV |
I ]
3
Lx U | R3 VPP ON | %))
2 D1 | 25.2K ! | w
1A | LBD | MAX630 . W IN5B17A | " 2 s =
7ais1z6 | —JiBR 1 vi}? n7-13v LBR LBD | g
N g 87K | U1A :
> = R4 f o
c2 o | 10K 748126 | o
o L c I I <
47 oF 470 uF I = LOW Vcc DETECT OPTION [
P = I

5V TO 12V SWITCHABLE DC - DC CONVERTER

Figure 2. V,, Generator for 48F512/48F010

seeQ Technology, Incorporated
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Thermal Resistance of

SEEQ Products
March 1987
LEAD COUNT PACKAGE TYPE Q J‘\(C/WA’ITS) QC(C/WATTS)

20 CERDIP (300 MILS) 60 22
PLCC 60 UE
o4 CERDIP (600 MILS) 58 21
PLASTIC DIP (600 MILS) 49 UE
8 CERDIP (600 MILS) 45~ 55 21
PLASTIC DIP (600 MILS) 40 - 50 UE
32 LCC 50-65 18
PLCC 58 UE
40 CERDIP (600 MILS) 42 18

NOTES: 1. Actual Thermal Resistance of a given device may vary from the value on the table, this table
contains the representative values for the package types specified.
2. All plastic package data refers to CU leadframe material.

3. Allvalues are for socketed units.

4, UE = Under evaluation
LCC = Leadless Chip Carrier
DIP = Dual-In Line Package
PLCC = Plastic Leaded Chip Carrier

Packaging Information

SEEQ Plastic Packages Incorporate:

» Thermally conductive copper leadframe.

« Silver-filled epoxy die attach material.

+ Gold bond wires.

« Low stress, moisture-resistant molding compound.

SEEQ Laminated Ceramic Packages
(PGA, LCC, Sidebraze, Flatpack)
Incorporate:

« Thermally conductive Alumina substrates.
» Gold-Silicon Eutectic die attach material.
¢ Aluminum bond wires.

SEEQ Cerdip Packages Incorporate:

* Thermally conductive Alumina substrates.

+ GoldsSilicon Eutectic or silver filled glass die
attach material.

+ Aluminum bond wires.

» Alloy 42 leadframe.
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PLASTIC DUAL-IN-LINE PACKAGES

20 LEAD PLASTIC DIP PACKAGE TYPE P

1.040 (26.42)
|~ 1,000 (25.4) — ™

(NOTE 2)

(ke B ke B e B ko W e B e B e e O e O e

)

TS T SEE NOTE 3
.325 (8.26)
.300 (7.62)

PIN NO. 1

.280 (7.11)
220 (5.59)

090 (2.29)
1040 (1.02)
015 (.38) MIN. ‘ r 200 (5.08) MAX.
i s |
BASE PLANE SEATING ‘ h
PLANE 'u

_,' 013 (0.33) "‘//- 0" =15
PIN NO.1 .160 (4 06) .008 (0.20)
021 (53 125(318)

.090 (2.29) 110 (2.79) .015(.38)

.300 (7.62) BSC
.040 (1.02) 090 (2.29)

065 (1.65)
045 (1.14)

SEEQ OUTLINE P001/—

NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Max. allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are * .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

GeeQ Technology, Incorporated

MD500001/-



PLASTIC DUAL-IN-LINE PACKAGES

24 LEAD PLASTIC DIP PACKAGE TYPE P

1.280 (32.51)
le————— 1220 (30.99) ——
(NOTE 2)

e B BB LW W W e Wi W i W i Wi W o |
570 (14.48) PIN 1 INDICATOR

530 (13.46)

(NOTE 2)

el bt Rl R R R R R R R R A

PiN1

625 (15.88)
600 (15,34)

NOTE 3
015 (.38)
.090 (2.29) 200(5.0) i,

.050(1.27) _$ — 935(2.29) M ij
025 (64)
‘ ‘l-'

semNG___f__ s ,E L‘,‘f,ﬁ; I |
e 013 (.33) I 1
/ f 1008 (20) ] ] b
PIN1 160 (4.06) (NOTE 5) '

125 (3.18) e
I son s *

065(1.65) 021 (53) 110 (2.79)
045(1.14) 015 (.38) 090 (2.29)

SEEQ OUTLINE P002/-

NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Max. allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are + .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

— eeeQ Technology, Incorporated
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PLASTIC DUAL-IN-LINE PACKAGES

24 LEAD (.300 CENTER) PLASTIC DIP PACKAGE TYPE P

- €
1325 (8.26)
.300 (7.62)
PINNO. 1
080 (2.29)
1040 (1.02)
e 1.370(34.80) .200 (5.08) MAX
[ 1.330(33.78) r
__L SEATING
BASE PLANE ]_ EATIN u[ m
015 (0.38) MIN [ \
013 (o.aa)‘ﬁﬂ‘\ (e
160 (4 06) .008 (0.20) -
» 065 (1.65) 021 (0.53) 125(3.18)
045 (1.14 015 (0.38!

PINNO. 1 090 (2.29) (1.14) (0.38) .300 (7.62) BSC

025 (.64) .110(2.79)

.090 (2.29)

SEEQ OUTLINE P003/-
NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Maximum allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are + .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

seeQ Technology, Incorporated
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PLASTIC DUAL-IN-LINE PACKAGES

28 LEAD PLASTIC DIP PACKAGE TYPE P

1.480 (37.59)
| 1420 36.07) —————
(NOTE 2)

e B e B i B e B b B i B i B ke B ke B0 s 00 e 0 e B ol B9

570 (13.68) PIN 1 INDICATOR

530 (13.46)
(NOTE 2)

A R R R RA RS A RS R R R A R R

PIN 1
625 (15.88)
1600 (15.34)
NOTE 3
090 (2.29) 200 (5.0) 015 (38
090 (2. 090 (2.29) " MAX. MIN.

050 (1 .27)—‘ _>1 [— 025 (0.64)

PLA|
NE / 013(.33) ] i 0°-15°
PIN1

{ .008 (.20) | |
160 (4.06) (NOTE 5) \

125 (3.18) 1520
BS

065 (1.65) 021 (53) 110 (2.79) c

045 (1.14) 015 (.38) .080 (2.29)

SEEQ OUTLINE P004/—

NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Max. allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are + .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

seeQ Technology, Incorporated

MD500001/-
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PLASTIC DUAL-IN-LINE PACKAGES

28 LEAD (.300 CENTER) PLASTIC DIP PACKAGE TYPE P

F i W ke W e B e ke O e B e B e B e B s B

P ————T¢

L A T L L L R I L G G

1325 (8.26)
300 (7.62)
PIN NO. 1 - >
1280 (7.11)
220 (5.59)
090 (2.29) -
1040 (1.02) -

1.270 (32.26) .200 (5.08) MAX
J [ 1.230(31.24) ‘———>, ‘

BASE PLANE—L — SEATING
f PLANE l} b
015 (0.38) MIN d f o013 (0.33)% Vo ogelise
/ 165 (4.06) .008 (0.20) \‘"
.065 (1.65)

021 (0.53) 125 (3.18)

PINNO. 1 045(1.14) 015 (0.38) .300 (7.62) BSC
110(2.79)
090 (2.29) 090 (2.29)
025 (,64)
SEEQ OUTLINE P005/—

NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Maximum allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are + .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

- eeeQ Technology, Incorporated
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1,680 (42.67)
1.620 (41.15) >
(NOTE 2)

PN NN Ot P T Y Y Y P Y Y
.50 (13.97) PIN 1 INDICATOR
530 (13.46)

(NOTE 2)

Gl LA R R L GRS B B R LA R RN BT

PIN1

015 (.38)
1090 (2:29) 90229 .2;)40 A(;,o) MIN.
'050(1'27)—1 -’1 et 075 (1.91) ]

s T PR TT TP
PIN 1/.] L

[
J L [‘1 60 (4.06)
125(3.18)

085(1.65)  .021(,53) 110 (2.79)
045(1.14)  015(.38) 1090 (2.29)

SEEQ OUTLINE P006/-

NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are + .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

BASE

PLANE

32 LEAD PLASTIC DIP PACKAGE TYPE P

012(.30)
1008 (20)
(NOTE 5)

PLASTIC DUAL-IN-LINE PACKAGES

625 (15.88)
1600 (15.34)
NOTE 3

0°-15°

\\4" REF.

—— SeeQ Technology, Incorporated

MD500001/~




PLASTIC DUAL-IN-LINE PACKAGES

40 LEAD PLASTIC DIP PACKAGE TYPE P

2,080 (52.83)
| 2,030 (51.24) |

(NOTE 2)

570 (14.48) PIN 1 INDICATOR
530 (13.46) )‘/
(NOTE 2)

PIN 1

225(5.72)
090 (229 MAX.

.oso(l.zn—;i_.l P_ggggs; Ny 11?35312231 MIN.
A EFPRRTT

015 (.38)

PIN 1 J L 1160 (4.06)
1125 (3.18)
065(1.65)  .021(.53) 100 (2.54) BSC
045(1.14)  .015(.38) +.010 (.25)
SEEQ OUTLINE P007/-

NOTES

1. All dimensions are in inches and (millimeters).

2. Dimensions do not include mold flash. Allowable mold flash is .010 (.25).
3. Dimension is measured from shoulder to shoulder.

4. Tolerances are + .010 (.25) unless otherwise specified.

5. For solder dipped leads, thickness will be .020 (.51) max.

— seeQ Technology, Incorporated

625 (15.88)
600 (15.34)
NOTE 3

¢§%Q

| |

013 (.33) ] I 0°-15°
,008 {.20) \— per,
(NOTE 5) )
.600 (15.24)
BSC

MD500001/~ 98




CERAMIC DUAL-IN-LINE PACKAGES

20 LEAD HERMETIC CERDIP PACKAGE TYPE D

005 (.13)
MIN. ﬂ"_

L Y (7.82)
280 (7.11)
_ ¥
/ .040 (1.02)
PIN1 MAX. | —
1985 (25.02) .330 (8.38)
935 (23.75) — ™ .295 (7.62)

200 (5.08) MAX (NOTE 3)
200 (5. . .065 (1.65)
| et | et ]
' +.o70(1.7a)
el NWW porets ﬁ \
— 0° - 15°
| f ——l - ; l REF-\\t # 012(30)
150 (3.81) PINT 1008 (.20)
150 (3.81) .040 (1.02) Note2)

MIN. MIN.

021 (.53) 110 (2.79) 415 (1054)
015 (.38) 090 (2.29) 291 (7.34)

Iy

SEEQ OUTLINE D001/-

NOTES

1. All dimensions in inches and (millimeters).

2. For solder dipped leads, thickness will be .020 max.

3. Dimension is measured from outside shoulder to shoulder.

- SeeQ Technology, Incorporated

MD500001/~
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CERAMIC DUAL-IN-LINE PACKAGES

24 LEAD HERMETIC CERDIP PACKAGE TYPE D

1.285 (32.64)
—— 1235 (31.37) —

ooooooooonooc

) 600 (15.24)
510 (13.06)

o g e g g g o g e g e o g e )

t—.090 (2.29) MAX.

.005 MIN. (.13)
225(572)MAX. 065 (1.65) —o{ |-—
045 (1.14) —~| (w— 1150 (3.81) MIN.
SEATING j_ ——¢—L
PLANE
070 (1 78)
015 {0.38)
160 (4 06)
125 (3.18)
021 (0.53) 110 (2.79)
015 (0.38) 090 (2.29)
SEEQ OUTLINE D002/~
NOTES

1. All dimensions in inches and (millimeters).

2. For solder dipped leads, thickness will be .020 (.51) max.
3. Dimension is measured from outside shoulder-to-shoulder.

T seeQ Technology, Incorporated

MD500001/-

625 (15.88)
600 (15.24)
(NOTE 3)

0°/15° “E' x
EF o012 (31)
: .008 (.20)

720 (18.29)
588 (14.94)

9-10




CERAMIC DUAL-IN-LINE PACKAGES

24-LEAD HERMETIC (.300 CENTER) CERDIP PACKAGE TYPE D

PIN 1

200 (5.08)
MAX. +

1.230 (31.24)——™
.065 (1.65)
| 045 (1.14)

,308 (7.82)
280 (7.11)

t

.090 (2.29) l
MAX.

1,285 (32.26)

.160 (4.06)
.125 (3.18)

=1

R

150 (3.81)
MIN.

PIN 1

021 (.53)
015 (.38)

SEEQ OQUTLINE D003/~

NOTES

i .060 (1.52)

w
ok

110 (2.79)
.090 (2.29)

1. All dimensions in inches and (millimeters).
2. For solder dipped leads, thickness will be .020 max.
3. Dimension is measured from outside shoulder-to-shoulder.

T Gee Q Technology, Incorporated

MD500001/-

015(.38)
[—

005 (.13)

.330 (8.38)
.295 (7.49)

REF. 012 (.30)
.008 (.20)
NOTE 2
415 (10.54)
.291 (7.39)

9-11




1.485 (37.72)
|+ 1,435 (36.45) ——®

[l B b U R B Bem e B o B e B o]

A

) 600 (15.24)
510 (13.06)

v

005 MIN. (.13)
065 (1.65) la—

045 (1.14) —po=] |wt—
—L 125 MIN.

} T (3.17)
1060 (1.524) X ‘ I |
015 (0.38) PIN‘LIL‘

021(053) .10 (2.79)
015(0.38) 090 (2.29)

225 (5.72) MAX.

| =3
SEATING _+_
PLANE

SEEQ OUTLINE D004/

NOTES

1. All dimensions in inches and (millimeters).

2. For solder dipped leads, thickness will be .020 (.51) max.
3. Dimension is measured from outside shoulder-to-shoulder.

g3 a=p=y—2=i—pen—y=p—ge=r-y
PN ——I '-4— .090 (2.29) MAX.

CERAMIC DUAL-IN-LINE PACKAGES

28 LEAD HERMETIC CERDIP PACKAGE TYPE D

625 (15.88)
600 (15.24)
(NOTE 3)

s 0.012 (0.30)
011§ .008 (0.20)
REF.

NOTE 2

720 (18.29)
588 (14.94)

__ seeQ Technology, Incorporated
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CERAMIC DUAL-IN-LINE PACKAGES

28 LEAD HERMETIC WINDOWED CERDIP PACKAGE TYPE D

1.485 (37.72)
'4——- 1.440 (36.58) — ]

600 (15.24)
510 (13.08)
|__ Y
Pm( ~—l l<7 1090 (2.29) MAX.
625 (15.88)

005 MIN. (.13) 600 {15.24)
.240 MAX. 065 (1.65) (NOTE 3)
* 045 (1.14) |—
012(.30)
SEATING ¥ _ __L \f%\‘/om

==l=—""150(381) g5’ 008 (.20)
PLANE } f [I-l MIN. %’E‘?, < - NOTE2
060 (1.524)  PIN1 . 160'
\ . -160(4.06)
015 (0.38) B

021(053) .110(2.79)
.015(0.38) 090 (2.29)

720 (17.78)
620 (15.75)

SEEQ OUTLINE D005/~

NOTES

1. All dimensions in inches and (millimeters).

2. For solder dipped leads, thickness will be .020 (.51) max.

3. Dimension is measured from outside shoulder-to-shoulder. .

- eeeQ Technology, Incorporated

MD500001/~



CERAMIC DUAL-IN-LINE PACKAGES

32-LEAD HERMETIC CERDIP PACKAGE TYPE D

1.685 (42.80)
[ 1.635 (41.53) ——¥|

jelmiminlialinialialminlalaialicliala]

A
600 (15.24)
560 (14.224)
|_ Y
PIN1 | |
090 (2.29) MAX. 625 (15.88)
600 (15.24)
.225 (5.72) MAX. 1065 (1.65) | 005 (.13) MIN. (NOTE 3)
045 (1.14) —»»] |at—

.012(.30)
.008 (.20)
NOTE 2

SEATING RAigigigigiginiginigigiyi :L—{
PLANE f A 150 (|3 81) 0°/15°

REF.
oo ‘l H
160 (4.06)

021 (0.53) 110 (2.79)
015 (0.38) 1080 (2.29)

.720 (18.29)
.588 (14.94)

SEEQ OUTLINE D006/~

NOTES

1. All dimensions in inches and (millimeters).

2. For solder dipped leads, thickness will be .020 max.

3. Dimension is measured from outside shoulder-to-shoulder.

. seeQ Technology, Incorporated
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CERAMIC DUAL-IN-LINE PACKAGES

40 LEAD HERMETIC CERDIP PACKAGE TYPE D

2.085 (52.96)
[ 2,035 (51.69) — ™|

Y
600 (15.24)
510 (12.95)
A

in

1090 (2.29) MAX.
625 (15.88)
065 (1.65) 600 (15.24)

.045 (1.14,
225 (5.72) MAX. _—( ) '_7 005 (13) MIN., (NOTE 3)
' < |
SEATING Y —
e g )
012(.30)

REF.
.008 (.20)

070 (1.78) \P|N1 I ‘ |
015 (0.38) 1160 (4.06) SEENOTE 1
125(3.18)
021 (0.53) 110 (2.79) 720 (18.29
015 (0.38) 1090 (2.29) o 514194;

SEEQ QUTLINE D007/~

NOTES

1. For solder dipped leads, thickness will be .020 max.

2. All dimensions in inches and (millimeters).

3. Dimension is measured from outside shoulder-to-shoulder.

-
P
oc
w
P4
T}
&}

- seeQ Technology, Incorporated 915
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CERAMIC DUAL-IN-LINE PACKAGES

32-PIN CERAMIC SUBSTRATE MODULE TYPE M

A
o | Tos |32
Gy |08
oy (88
[+:]
28 133
X __ v
1.596 (40.54)
1.564 (39.73)
L0000 _L
0.320 (8.13) pep—— . 0.099 (2.51)
MAX. ‘ il 0.081 (2.06)
0.200 (5.08) 1
0.150 (3.81) 3

0.110(2.79)  0.055(1.40)  0.021 (0.53) 0.610(15.49)
.090 (2.29 0.045 (1.14 0.015 (0.38 0.590 (14.99)
T\ﬁp_ ) (1-14) (0.38) (AT STANDOFF)
e
0.022 (0.56)
0.008 (0.20)

SEEQ OUTLINE M001/~

NOTE: All dimensions in inches (millimeters).

— GeeQ Technology, Incorporated 916
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CERAMIC PIN GRID ARRAY PACKAGES

28 LEAD PGA PACKAGE TYPE T

560 (14.22) 400 (10.16)
540 (13.72) ' | BSC
/ / N\
é A DDA
\\ZAN ZANZANFANZ)
JonWs \Wo W\ WaN
660 (16.76) + INZANZANZAN VAN ¥
' . AN AN L AN AN 500 (12.7
640 (16.26)  -050(1.27) NZANY, N7 Béc )
BSC I 3 /.\"" RN
ANZANZ2ETIAN VAN )
Jo N2 \ W\ WL WaN)
i ANZAN ZANZAN ZAN )
2.080 (2.03) " T D L))
\__ MAX. ER\ZANZAN VAN A\ 7
\_ \_/ 7 } \ _/
105 (2.67)
.080 (2.032)

+| _I_*

1140 (3.56) T

1120 (3.05) 060 (1. 52)
1 JL-“-I L\‘ .040 (1.02)
050 (1.27)—p»]

REF. ©.020 (51)  .100 (2.54) TYP
016 (.41)

SEEQ OUTLINE T001/—

NOTES
1. All dimensions are in inches and (millimeters).

4
3
<
w =
55
O uw
£

. geeQ Technology, Incorporated

MD500001/-
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CERAMIC DUAL-IN-LINE PACKAGES

28 LEAD SIDEBRAZE PACKAGE TYPE C

1,425 (36.19)
[ 1,375 (34.92) —————————]

620 (15.75)
580 (14.73)
NOTE 3

225(572)  .060{1.52) ~
M

AX. ] 015 (.38) .oohilﬁm)

- BASE PLANE
| * T\ SEATING 2333 23(1); —l—
PLANE (NCTE 2)
1150 (3.81) 630 (16.00)
e MiIN.  570(14.48)
098 (2.49)
MAX. 060(1.52)  021(83) .110(2.79)

.040 (1.02) .015(.38)  .090(2.29)

SEEQ OUTLINE C001/~

NOTES
1. All dimensions are in inches and {millimeters).

- seeQ Technology, Incorporated
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32 LEAD SIDEBRAZE PACKAGE TYPE C

. 1.645 (41.77) .

CERAMIC DUAL-IN LINE PACKAGES

SEEQ OUTLINE C003/-

NOTES
1. All dimensions are in inches and (millimeters).

1.555 (39.50)
// //
620 (15.75)
225 (5.72) MAX. ~m(:.g§) » .580 (14.73)
070 (1.78) 040 (1.02)
015 (.38) 00 Ns: ;i 13)
1160 (4.06) '
.125(&13)"1 T BASE . ——
012(31)
} ) T\ sEATNG 008 (.20) —={lt—
PLANE NOTE 3
f 1150 (3.81) 630 (16.00)
[—> t— MIN. | 570 (1448)
1098 (2.49)
021 (.53) 110 (2.79)
MAX. 015(38) 1080 (2.29)

—GeeQ Technology, Incorporated
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CERAMIC DUAL-IN-LINE PACKAGES

40 LEAD SIDEBRAZE PACKAGE TYPE C

- 2.025 (51.44)
1.975 (50.17)

// //

1620 (15.75)
225 (5.72) MAX. ~gsg (;-52) 204
070 (1.78) -040 (1.02)
015 (.38) ~00N5”§1 3)
160 (4.06) £ '
125(3.18) T —
—l P BASE PLANE o203
* f "\ _SEATING 1008 (20) — = {lt—
PLANE NOTE 2)
? , ,150 (3.81) 630 (16.00)
I—’ - MIN. 570 (14.48)
.098 (2.49)
021 (.53) 110 (2.79)
MAX. .015(.38) .090 (2.29)
SEEQ OUTLINE C002/—

NOTES
1. All dimensions are in inches and (millimeters).

_ eeeQ ‘Technology, Incorporated
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SURFACE MOUNT PACKAGES

28-PIN CERAMIC LEADLESS CHIP CARRIER TYPE L

300 (7.62)
040 x 45¢ Bsc
R X °
le— (1.02 x 45%) 050 (1.27)
I 3PLCS
1 /4 N\ A .009 £ .005
| (:23R)
|
.460 (11.68)
442 (11.23) |
- * - 0.28 (0.71) i
022 (0.56)
.435 (11.05) l
425 (10.80) | (28PLCS) 7]
l INDEX CORNER
A\ ] \ //

020 x 45° .055 (1.40)
(0.51 x 45°) 015 MIN 1045 (1.14)

{0.38) PIN 1

Ooonoonll

.075 (1.91) .062 (1.57)
.060 (1.52) .050 (1.27)

SEEQ OUTLINE L001/-

NOTES
1. All dimensions are in inches and (millimeters).

— GeeQ Technology, Incorporated
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SURFACE MOUNT PACKAGES

32 PIN CERAMIC LEADLESS CHIP CARRIER TYPE L

458 (11.63)
INDEX ‘ w20 PIN1 R .009 £ .005

433 (11.00) (.23+.13) .020 +.010 x 45°
CORNER |<—— 398(1003 —>{ 05 241 i / ,/ (51% 25x45°)
R 2.41

m 075 (1.91)
533 (11.00) 560 (14.22) 400 (10.16)
1490 (10.03) 544 (13.82) BSC
028 (0.71)
022 (0.56) _J_ 050 BSC
T (.27)
\ p. 045 (1.14)
1055 (1.40)
N— /. (TYP. 31 ples.) T—
040 % 45°
l‘, 1300 (7.62) __,I (1.02x 45°)
BSC (TYP. 3 ples.)
onononnnll
110 (2.79) 072(1.80)
1068 (1.73) 1059 (1.50)
SEEQ OUTLINE 1002/~
NOTES

1. All dimensions are In inches and (millimeters).
2. All tolerances shall be + .010 (.25) unless otherwise specified.

- seeQ Technology, Incorporated
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458 (11.63)
r——— 442(1123) —

INDEX 420 (10.67)
CORNEP\ l‘— 1400 (10.16) —‘"1
( N

560 (14.22)
520 (13.21) 544 (13.82)

.500 (12.70)

SEEQ OUTLINE L003/-

NOTES
1. All dimensions are in inches and (millimeters).

. eeeQ Technology, Incorporated

1095 (2.41) ;
1075 (1.91) T —

028 (0.71) L
022 (0.56)
(TvP) f

SURFACE MOUNT PACKAGES

32 PIN WINDOWED CERAMIC LEADLESS CHIP CARRIER TYPE L

1055 (1.40) R .009 005
045 (1.14) PINY  (23%.13)
TYP. 31 PLCS

020+ 010 45°
(51 .25 x 45°)

1050 (1.27)
BSC

400
BS!

0.16)
C

{015 MIN.
(TYP.)(.38)

4

LHoononnonfld

117 (2.79)
1098 (2.49)

071 (1.80)
1059 (1.50)

MD500001/-
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SURFACE MOUNT PACKAGES

44 PAD CERAMIC LEADLESS CHIP CARRIER TYPE L

040 x 45°
(1.02 x 45%)
RE

.500 (12.70)
8sCc

050 (1.27)
BSC

640 (16.26) —_——————— ——
662 (16.81) 039 (0.99) —L

| 095 (241)
|;.o75(1‘91)
’ INDEX CORNER II I
.020 x 45°
TN )4 gz >Cannrnlinnran
TR

055 (1.40)
015 MIN 045 (1.14)

(0.38) PIN 1

DETAIL A
4 , -
S I . LOonnoomooonnll

—r 015 (.381) f f
1084 (1.63) 054 (1.37,
1120 (3.05) .088 §2,24;

006 (.152)
1022 (559)

SEEQ OUTLINE L004/-

NOTES
1. All dimensions are in inches and (miliimeters).

- seeQ Technology, incorporated
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20 PIN PLASTIC LEADED CHIP CARRIER TYPE N
048 (122)x 450 PINNO. 1 IDENTIFIER 200 (5.08)
.042 (1.07) x 45° PIN NO. 1
N 1 a0
(@)
N ]
1395 (10.03) q ]
385 (9.78) 200 (5.08
O ] aéc )
356 (9.04 ——
350 (e.seg O ] l ol —
|0 I '
| I R R O |
.356 (9.04)
.350 (8.89)
1030 {.76) 050 (1.27)
le—— 395 (10.03
.385((9.78)) REF. BSC
012 (.30)
—»! |=— 008 {.20)
056 (1.42) > (| | [0 (STMIN.
042 (1.07) |‘
“_ R .045 (1.14)
R .025 (.64)
—.021 (.53)
1013 (.33)
330 (8.38)
290 (7.37)
»| 120 (3.05)
090 (2.29)
180 (4.57) >
SEEQ OUTLINE N0O1/- 165 (4.19)
NOTES

1. All dimensions are in inches and (millimeters).
2. Dimensions do notinciude mold flash. Max allowable
flash Is .008 (.20).

- seeQ Technology, incorporated
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SURFACE MOUNT PACKAGES

28-PIN PLASTIC LEADED CHIP CARRIER TYPE N

048 (1.22) x 45° PIN NO. 1 IDENTIFIER 300 (7.62)
042 (1.07) x 45°\ Q NO. 1 8sc

- OO ::l::::::l::l:
@) _ L0 L) L) pd g [l
0 ]
1495 (12.57) O ]
485(12.32) D :I 303&62)
456 (11.58) g 1 ]
450 (11.43) [] il i i
O N R i
[ ] B
00 I miml
456 (11.58)
T aso(1143) J L '_.I L_
495 (12.57) 1030 (.76) 1050 (1.27)
485 (12.32) REF. BSC
086 (1.42)
042 (1.07)
I \_[ * 012 (,30)
180 (4.57) .
165 (4.19) _TJ_ 008 (.20}
" 120 (3.05)
.090 (2.29) 021 (-53)——| |-—
0133 n s 114y 1020 (.51) MIN.
R .025 (.64)
430 (10.92)
| 1390 (9.91) |
SEEQ OUTLINE N002/-
NOTES

1. All dimensions are in inches and (millimeters).
2. Dimensions do not include mold flash. Maximum allowable
fiash is .008 (.20).

- seeQ Technology, Incorporated
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SURFACE MOUNT PACKAGES

32 PIN PLASTIC LEADED CHIP CARRIER TYPE N

PIN NO. 1 IDENTIFIER

PIN 1 .048 (1.22) .300 (7.620)
X\ 042 (1.07) ‘k BSC
‘H—'lr‘ll—'_“r g Egny FLARAT

i Y fLELAR B
HHA TN
. % t ] -
0 E}
g ) 595 (15.11) - Aosggézn
g g 585 (14.88) 406 (10.160)
d
= j BSC 530 (13.46)
0 .553 (14.05) 490 (12.45)
0 [ 547 (13.89)
0 ]
0 1 —
O T O —— Y
.453 (11.51)
1447 (11.35) .g% ((190;312))
1495 (12.57) : g
485 (12.32)
.140 (3.56)
—] 1120 (3.05)
——i i: 015MIN. (:381)
Cre e
_L 021 (.53)
1430 (10.92) 013 (.33)
.390 (9.91) T
530 (13.46)
1490 (12.45)
R .040 (1.02)
/ R .030 (.76)
012 (.30)
SEEQ OUTLINE N003/- .008 (.20)::]%—- L
1095 (2.413)
1070 (1.78)

NOTES

1. All dimensions are in inches and (millimeters).

2. All tolerances shall be £ .003 (.076) unless otherwise
specified.

3. Dimensions do not include mold flash. Max allowable
flash is .008 (.20).

- GeeQ Technology, Incorporated
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SURFACE MOUNT PACKAGES

68 PIN PLASTIC LEADED CHIP CARRIER TYPE N

048 (1.22) PIN 1
1042 (1.07) x 45°

0000000000000 a0nn
=3

ininlainisNul :

995 (25.27)
985 (25.02)
958 (24.33)

v aonoonoono

950 (24.13)

OouuuouogugooOoOoOoO

|SjERE N RN E R S EERjEEyEEnEE]

958 (24.33)
950 (24.13)

.050 (1.27)
BSC

L 4 D ——

.995 (25.27)
.985 (25.02)

086 (1.42)

e
042 (107) ":.H._,ozo (51) MIN,

J_I(Liﬂ!1!1!1!1!1!1!1!1!1!1!1!1!1!1!1!

R .045 (1.14)
™ R.025 (.64)

cg—f—

oo
W

930 (23.62)
890 (22.61)

SEEQ OUTLINE N004/—

__.118(3.00)
1095 (2.41)

NOTES
1. All dimensions are in inches and (millimeters). -200 (5.08)
2. Tolerances are * .003 (.08) unless otherwise specified. -165(4.19)
3. Dimensions do not include mold flash. Max allowable flash is .008 (.20).

- seeQ Technology, Incorporated
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SURFACE MOUNT PACKAGES

28-LEAD HERMETIC CERAMIC FLATPACK TYPE F

C —

L 1019 (.48)

- ,_.11—5(.38)
T

1050 (1.27) BSC

.740 MAX. (18.80)

]
]
]
]
]
1
1
1

—3 .000 MIN.

—
. L
i

L 045 MAX. (1.14)

TNNNnAn
|

1130 (3.30,
090 22,293 1420 (10.67)
380 (9.65) | .006 (.15
l > .003(.08)

|
f+
| [ | 4
: = ] =T
T T 030 (76) MINA‘—’ ’«
.045 (1.14) .370 (9.40) .180 (4.57) MIN.

026 (.66) 250 (6.35) | !

SEEQ OUTLINE F001/—

NOTES
1. All dimensions are in inches and (millimeters).

o seeQ Technology, Incorporated
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- seeQ Technology, Incorporated

SURFACE MOUNT PACKAGES

32-LEAD HERMETIC CERAMIC FLATPACK TYPE F

.019 (.48)

.015 (.38)

.050 (1.27) BSC

.000 MIN.

1 840 MAX. (21.34)

L .045 MAX. {1.14)

1130 (3.30)
.090 (2.29) 420 (10.67)
l . .380(9.65) |

| | |

1006 (.15)
003 (.08)

4

—1d

f
T 1 ‘ 030 (.76) MIN.——| Ic- '
oss (114 | .

026(66) | .370 (9.40) | 180 (4.57) MIN.
.250 (6.35)

SEEQ OUTLINE F002/-

NOTES
1. All dimensions are in inches and (millimeters).

T
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SURFACE MOUNT PACKAGES

28-LEAD SOIC PACKAGE TYPE S

040 (1.02)
1050 (1.27)

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ_[ﬁ ty

A 040 (1.02)
050 (1.27)

G
p

A\

.340 (8.64)
.350 (8.89)

Note 2

474 (12.04)
1494 (1255)

IJLIUIJIJUIJUIJLIUIJUU.___L
sl

.014 §0.36
.020(0.48

Note 2
[ DO [ M—

ﬁ’% gg i ————————————— 086 (2.18)

Inlniniuininininininininlnle KIS % N

WiRiNininininininininininini A v
WN)Z _.I L- T .0060 (0.15 J ho-so

0.254 .050 (1.27) BSC 10125 {0.32 .026 (0.66)
1050 (1.27)

SEEQ OUTLINE $S001/-

NOTES
1. All dimensions are in inches and (millimeters).

- seeQ Technology, Incorporated
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SEEQ Die Sales

Description

Many of the SEEQ Technology Products contained in this Data Book are available in unencapsu-
lated die form. Products sold in die form have been specifically screened to a special die sales test
flow and are ideally suited for hybrid and memory card applications. After screening, all die are
optically inspected per method 2010 condition B of MIL-STD-883C. Die are then placed in waffle
packs and enclosed in anti-static vacuum sealed bags prior to shipment.

Test Flow

All SEEQ Die are screened 100% to parametric, function and data retention tests. Properly
packaged devices are expected to perform to the AC and DC parameters listed on the product data
sheets. The following flow chart illustrates the typical die test flow.

Die Sales Test Flow

OPERATION COMMENT
FROM FAB
PARAMETRIC FUNCTIONAL
WAFERI SORT 1 CYCLING*, DITRACE*
DATA RETENTION BAKE 2.5 HOURS AT 250 DEG C
I OR 24 HOURS AT 170 DEG C
WAFER SORT 2 PATTERN VERIFY, DITRACE,
I PARAMETRIC, FUNCTIONAL
SAW / CLEAN
PLATE
|
2ND OPTICAL INSP. 883 METHOD 2010, COND. B

Q.C. LOT ACCEPTANCE

LOAD WAFFLE PKS/LBL

Q.C. LOT ACCEPTANCE

883 METHOD 2010, COND. B
1% AOQL

*DITRACE AND CYCLING ON EEPROM DIE ONCE

I eeeQ Technology, Incorporated
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Die Sales Test Flow (cont.)

OPERATION COMMENT

VACUUM SEAL PACKING

FINISHED GOODS

PACK FOR SHIPMENT

I

Q.A. SHIPPING INSP.

SHIP

Standard Die Packaging
All die shipped by SEEQ will be packaged in the following manner:

Die will be placed in a "waffle pack" with a cavity of proper size to restrain the die without causing
damage and without allowing the die to change orientation.

Lint-free paper insert is placed over the "waffle pack" followed by an antistatic poly-film insert. The
waffle pack lid is placed on top and then secured with plastic locking clips.

Labelwith such information as lot number, quantity, part number and datacode is placed on the waffle
pack.

Waffle packs are placed in an antistatic bag which is then vacuum sealed.
Label identifying the shipment is affixed to the top of the bag.

Additional Information

For your reference, the following pages detail product specific bond pad locations for the SEEQ
products available in die form. Contact the factory or your local SEEQ representative for addition
information on die characteristics or suggested assembly flow and conditions.

- GeeQ Technology, Incorporated
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NOTE:
1. Should be double bonded.

— eeeQ Technology, Incorporated

; H B B AN H B | | | I | |
5 4 3 2 N/C 28[1] 27 25 24 23

n [ ]

7 6 22

168 28C64

8 21

[ | [ |

9 10 11 12 13 14 14 15 16 17 18 19 20

! H A E E R E R EERNREEN B
-l 231 —
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A HE EEE RN [ | L ]
5 4 3 2 1 28[1] 27 25 24 23

u ]

7 6 22

> 28C65

8 21

[ |

9 10 11 12 13 14 14 15 16 17 18 19 20

Y R N HEE B EEREEEEERN DN
-t 243 -

NOTE:
1. Should be double bonded.

T GeeQ Technology, Incorporated
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NOTE:
1. Should be double bonded.
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Corporate Sales

and Marketing
Headquarters

SEEQ Technology, inc.
1849 Fortune Drive
San Jose, CA 95131
Tel: (408) 432-1550

U.S. Sales Offices

Southwest

Sales Office

SEEQ Technology, Inc.
12702 Via Cortina, Suite #201
Del Mar, CA 92014

Tel: (619) 481-4005

FAX: (619) 792-1974

Telex: 296609

FAX: (408) 432-9549

Northwest Mid-America

Sales Office Sales Office

SEEQ Technology, Inc. SEEQ Technology, Inc.
2105 South Bascom Ave. 300 Martingale Road
Suite 185 Suite 650

Campbell, CA 95008
Tel: {408) 371-2100
FAX: (408) 371-1392

Schaumburg, IL 60173
Tel: (708) 517-1515
FAX: (708) 517-1519

Southern California
Sales Office

SEEQ Technology, Inc.
23101 Lake Center Dr.
Suite 120

El Toro, CA 92630

Tel: (714) 472-2015
FAX: (714) 472-0835

Southeast

Sales Office

SEEQ Technology, Inc.
3450 East Lake Road
Suite 206-9

Palm Harbor, FL 34685
Tel: (813) 789-4195
FAX: (813) 787-6290

North Southwest

Sales Office

SEEQ Technology, Inc.
5655 Lindero Canyon Road
Building 100, Suite 33
Westlake, CA 91362

Tel: (818) 597-1020

FAX: (818) 706-2910

Northeast
Sales Office

SEEQ Technology, Inc.

24 New England
Executive Park
Burlington, MA 01803
Tel: (617) 229-6350
FAX: (617) 273-0322

Authorized North American Manufacturer's Representatives

Jlabama CM Marketing Inc. Kansas Missouri Oregon Washington
lep., Inc. Ft. Lauderdale, FL Advanced Advanced Tech Sales Electronic Engineering Sales Electronic Engineering
Huntsville, AL (305) 722-9369 Technical Sales St. Louis, MO Portland, OR Sales
(205) 881-9270 Olathe, KS (314) 878-2921 (503) 639-3978 Redmond, WA
Georgla (913) 782-8702 (206) 883-3374.
\rizona Rep., Inc. New Mexico Pennsylvania
Vestern High Tech Tucker, GA Maryland Nelco Electronix Delta Technical Sales Wisconsin
Scottsdale, AZ (404) 838-4358 New Era Sales Alburquerque, NM Hatboro, PA KMA Sales
(602) 860-2702 Atlanta, GA Severna Park, MD (505) 293-1399 (215) 957-0600 Milwaukee, Wi
(301) 554-4100 (414) 259-1771
salifornia Iinois New York Tennessee
“aarcom, Inc. KMA Sales Massachusetts J-Square Rep., Inc. Canada
Mountain View, CA Arlington Heights, IL Compass Technology Marketing, Inc. Jefferson City, TN Electro Source, Inc.
(415) 960-1550 (708) 398-5300 Inc. Jericho, NY (615) 475-9012 Langley, B.C.
Wolbumn, MA (516) 935-3200 (604) 888-2412
Solorado Indiana (617) 933-3336 Texas Kanata, Ontario
-uscombe Engineering Co.  Valentine & Assoc. North Carolina Southern States {613) 592-3214
Longmont, CO Greenwood, IN Michigan Rep., Inc. Marketing Pointe Claire, Quebec
{303) 772-3342 (317) 888-2260 A. Blumenberg Charlotte, NC Austin, TX (514) 630-7486
Monument, CO South Bend, IN Assoc. Inc. (704) 563-5554 (512) 835-5822 Rexdale, Ontario
(719) 481-3001 (219) 288-7070 Qak Park, Ml Morrisville, NC Richardson, TX (416) 675-4490
(313) 968-3230 (919) 469-9997 (214) 238-7500
Florida lowa Houston, TX
CM Marketing Inc. Advanced Minnesota Ohio (713) 789-2426
Clearwater, FL Technical Sales Cahill, Schmitz, & Cahill Omega Sales Inc.
(813) 443-6390 Cedar Rapids, |A St. Paul, MN Centerville, OH Utah
Sanford, FL (319) 393-8280 (612) 646-7217 (513) 434-5507 Luscombe Engineering Co.
(407) 330-0529 Shaker Heights OH Midvale, UT
(216) 751-9600 (801) 565-9885
Authorized North American Distributors
Arizona Colorado Zeus Components New York Texas Future Electronics
Anthem Anthem Columbia MD Anthem Anthem {416) 638-4771
Tempe AZ Englewood CO (301) 997-1118 Commack, NY Richardson, TX Edmunton, Alberta
(602) 966-6600 (303) 790-4500 Massachusetts (516) 273-1660 (214) 238-7100 (403) 438-2858
California Anthem Zeus Components Zeu§ Components Ottawa, Ontario
Anthem Connecticut Witningion MA Port hesior NY Roardson X (613) 820.8313
Chatsworth CA Anthem (508) 657-6008 - (214) 783-7010 Quepes e
(818) 700-1000 Meridian CT Zeus Components Utah (514) 6947710
E. Irvine CA (203) 237-2282 Lexington MA Ohio Anthem Vancouver
(714) 768-4444 Florida (617) 863-8800 Zeus Components Salt Lake City UT British COIL;mbia
Rocklin CA Dayton OH (801) 973-8555
Zeus Components (513) 293-6162 (604) 294-1166
(916) §24-9744 Oviedo FL Minnesota Washington
San Diego CA (407) 365-2356 Anthem Anthem
(619) 453-4871 Eden Prarie MN Oregon Bothell, WA
San Jose CA filinois 612) 944-5454 Anthem 206) 483-1773
(408) 453-1200 Anthem (612) Beaverton OR (208)
Zeus Components Elk Grove Village IL New Jorsey (503) 643-1114 Canada
Agoura Hills, CA (312) 640-6066 Anthem Pennsylvania Future Electronics
(818) 889-3838 Fairfield NJ Calgary, Alberta
San Jose CA Maryland (201) 227-7880 Horsham PA (403) 235-5325
(408) 629-4783 Anthem ) (215) 443-5150 Downsview, Ontario
Yorba Linda CA Columbia MD
(714) 921-9000 (301) 995-6640
9-47
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International Sales Offices

Corporate International  Northern European Central European Southern European Far East

Sales Office Sales Office Sales Office Sales Office Sales Office

SEEQ Technology, Inc. SEEQ International Ltd.  SEEQ Central Europe SEEQ International Sari SEEQ Technology, Inc.
1849 Fortune Drive Dammas House Lussweg 2 4 Allee de Pomone, RN13 1849 Fortune Drive
San Jose CA 95131 Dammas Lane 8110 Mumau 78100 Saint-Germaine-en-Laye San Jose CA 95131
Tel: (408) 432-1550 Old Town Federal Republic of Germany  France Tel: (408) 432-1550
TWX: 910-338-2313 Swindon SN1 3EF U.K.  Tel: 49 (8841) 5951 Tel: 33(1) 30612123 FAX: (408) 432-1640
Telex: 296609 Tel: 44 (793) 694999 FAX: 49 (8841) 5955 Telex: 699912

FAX: (408) 432-9549

Telex: 444588

Fax: 33 (1) 30 61 21 92

Fax: 447 93616201

Authorized International Manufacturer's Representatives/Distributors

Australia Dacom Electronic
RAE Industrial Ismaning
Electronics Pty, Ltd. Tel:089-964880
Austinmer Sarstadt
Tel: (02) 232 6933 Tel: 05066-5519
Perth Buxheim
Tel: (03) 470 2702 Tel: 49(8458)4003
Sydney Karlsruhe
Tel: (02) 439 7599 Tel: 49(721)471 93
Melbourne Metronik GmbH
Tel: (03) 562 2280 Munich
Brisbane Tel: 49(89)611 080
Tel: (07) 357 5355 Hamburg
Epping Tel: 49(40)522 80 91
Tel: (02) 868 3022 Stutigart
Tel: 49(711)76 40 33
Austria Metronik
Sieg-Electronic Dortmund
Vienna Tel: 49(231)432 037

Tel: 43 (222) 975626

Nurnberg
Tel: 49(911)59 00 61

Belgium Mannheim
Alcom Electronics B.V.B.A. Tel: 49(6203)4701
Platanenlaan 68 Darrstadt
Wilrijk Tel: 06151-73050
Tel: 32 (3) 828 38 80
France
Brazil Radio Television
Hitech Francaise (RTF)
Sao Paulo Gentilly
Tel: 55-11 (531-9355) Tel: 33(1) 46 64 11 01
RTF Composants
Denmark Chatillon S/S Bagneux
Exatek A.S. Tel: 33(1) 49 65 27 00
Copenhagen RTF Sud Quest
Tel:451 19 1022 Escalquens
Farsoe Tel: 33(61) 81 51 57
Tel: 45 8 63 3311 RTF Aquitaine
Bordeaux
Finland Tel: 33(56) 52 99 59
ITT Disti RTF Rhone-Aples
Helsinki Meylan
Tel: 358-90739100 Tel: 33(76) 90 11 88
RTF Quest
Federal Republic Cesson Sevigne
of Germany Tel: 33(99) 83 84 85
Astek Electronic RTF Rhone-Auvergne
Kaltenkirchen Venissieux
Tel: 49(4191)80 07-0 Tel: 33(78) 00 07 26
Dacom Electronic RTF Provence
Stutigart Marseille
Tel: 49(711)78068-0 Tel: 33(91) 06 02 18
Vertriebs GmbH Reptronic
Solingen Orsay

Tel: 49(212)59 30 11

111089

Tel: 33(1) 69 28 87 00

Hong Kong Singapore/Malaysia

Electrocon Products Ltd. WesTech Electronics Pte., Ltd.
Kwai Chung Singapore
Tel: 0-481602-2 Tel: (65) 743 6355

India South Africa

Capricorn Systems Advanced Semiconductor
Bangalore Devices (PYT) Ltd.
Tel: (0812) 642295 Sandton

Tel: (011) 802-5250

Ireland

Allied Semiconductors Spain

Intenational Ltd. Semiconductores
Shannon Barcelona

Tel: 3536161777

Tel: 34 (3) 217 23 40
Semiconductores S. A.

Israel Madrid
Vectronics Ltd. Tel: 34 (1) 742 2313
Herziia
Tel: (0/52) 556070 or 71 Sweden
Svensk Teleindustri AB
taly Spanga
Moxel Tel: (46) 8 761 7300
Milano

Tel: 38 (2) 61 29 05 21

Japan Taipei
Japan Macnics Tel: {0/2) 773 2194
Corporation (JMC)
Kawasaki-City Thialand
Tel: (0/44) 711 0022 Westech Electronics Co., Ltd.
Osaka City Bangkaen
Tel: (0/6) 325 0880 Tel: (662) 511-3308
Now Zealand United Kingdom
VS| Electronics (N.Z.) Ltd. Amega Electronics Ltd.
Epsom Auckland Hampshire, UK.
Tel: 600 760 Tel: 0256-843166
Pronto Electronic Systems Ltd.
Norway Gants HillEssex
Exatec. A.S. Tel: (0/1) 554 6222
Skaarer
Tel: 47 2 972 950 Yugoslavia
Sieg Electronic - Austria
Portugal Vienna
Teleprinta Lda Tel: 43(222) 97 56 26
Lisboa

Tel: 351 (1) 54 84 23
351 (1) 54 89 37

9-48

Taiwan

Bright Up Industries Co., Ltd.
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Dear SEEQ ...
Please send me more information. | am interested in:

] EEPROMSs [] Flash EEPROMs
] military UVEPROMSs [[] Ethernet Data Communications ICs
[0 SEEQ-LAN Designer Board
My need is:
[Jimmediate [] Next3-months []In the coming year
The program is bugetted now, [Jyes []Jno
Please have a - [_] salesmen, — [] application engineer - [ ]call me.
[ Just send more literature

My name is Title
My company is

- Address

City, State, Zip
Phone Fax
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U.S. SALES OFFICES

Corporate Sales

and Marketing Southwest Southern California North Southwest
Headquarters Sales Office Sales Office Sales Office

SEEQ Technology. Inc. SEEQ Technology. Inc. SEEQ Technology. Inc. SEEQ Technology. Inc.
1849 Fortune Drive 12702 Via Cortina. Suite 201 23101 Lake Center Dr. 5655 Lindero Canyon Road
San Jose. CA 95131 Del Mar. CA 92014 Suite 120 Building 100, Suite 33

Tel: (408) 432-1550 Tel: (619) 481-4005 El Toro. CA 92630 Westlake, CA 91362

Telex: 296609 Fax: (619) 792-1974 Tel: (714) 472-2015 Tel: (818) 597-1020

Fax: (408) 432-9549 Fax: (714) 472-0835 Fax: (818) 706-2910

+Northwest Mid-America Southeast Northeast

Sales Office Sales Office Sales Office Sales Office

SEEQ Technology. Inc. SEEQ Technology. Inc. SEEQ Technology, Inc. SEEQ Technology, Inc.
2105 South Bascom Ave. 300 Martingale Road 3450 East Lake Road 24 New England

Suite 185 Suite 650 Suite 206-9 Executive Park
Campbell. CA 95008 Schaumburg. IL 60173 Palm Harbor, FL 34685 Burlington, MA 01803
Tel: (408) 371-2100 Tel: (708) 517-1515 Tel: (813) 789-4195 Tel: (617) 229-6350
Fax: (408) 371-1392 Fax: (708) 517-1519 Fax: (813) 787-6290 Fax: (617) 273-0322

“For more information, call

(1) 800 3EEPROM

INTERNATIONAL SALES OFFICES

Corporate International Northern European Central European
Sales Office Sales Office Sales Office
SEEQ Technology. Inc. SEEQ International Ltd. SEEQ Central Europe
1849 Fortune Drive Dammas House Lussweg 2
San Jose CA 95131 Dammas Lane 8110 Murnau
Tel: (408) 432-1550 Old Town Federal Republic of Germany
TWX: 910-338-2313 Swindon SN1 3EF U.K. Tel: 49 (8841) 5951
Telex: 296609 Tel: 44 (793) 694999 Fax: 49 (8841) 5955
Fax: (408) 432-9549 Telex: 444588
Fax: 447 93616201

Southern European Far East

Sales Office Sales Office

SEEQ International Sarl SEEQ Technology. Inc.
4 Allee de Pomone, RN13 1849 Fortune Drive
78100 Saint-Germaine-en-Laye San Jose CA 95131
France Tel: (408) 432-1550
Tel: 33 (1) 30 61 21 23 Fax: (408) 432-1640
Telex: 699912

Fax: 33 (1) 30 61 21 92




